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-* 60 Types of ‘Surface’ burners in 600 sizes... 


* Furnace designs proved in hundreds of 
installations mean... 


* Undivided ‘Surface’ responsibility from 
design to operation. 


——_————— . . os “ 
HARDENING — Chain conveyor-type, direct-fired furnace t ANNEALING — Roller hearth, direct-fired furnace for 
for handling track shoes, sprockets and axles, annealing brass bars, strip and coils, 


STRESS RELIEVING — Drrect-fired Car Bottom furnace for NORMALIZING & ANNEALING — Roller hearth, direct-fired 


stress relieving welded pressure tank assemblies. furnaces for annealing rolled armor plate for tanks. 


Combine superior furnace designs... you select a ‘Surface’ direct-fired furnace. 
quality refractories and alloys... proper Whenever you have a production 
selection of burner types...efhicient appli- — problem involving heat treatment, write or 
cation of the combustion system to meet call ‘Surface’. Our industrial furnace sales 
the particular heating or heat treating engineers will be glad to discuss your 


application. That's what you get when problem with you. 


e 9 | 
INDUSTRIAL FURNACES 
WwW SURFACE COMBUSTION CORPORATION @ TOLEDO 1, OHIO 











HERE'S PROOF OF QUALITY! 


@ Life of Electro-Alloys neutral 
salt pot proved to be eight times 
that of competitive type pot for- 
merly used. User saved over $100 
on initial cost alone during life 
of one pot-——plus replacement 
labor costs of seven pot changes. 


e With a competitive alloy, 
customer was receiving 1,500 to 
3,500 hours service. On switching 
to Thermalloy pots, service life 
jumped to 3,800-5,550 hours in 
identical service. 














Another reason why you get 
More Operating Hours per Dollar 


ro insure the soundness necessary for low-cost service, 
every Thermalloy Heat Treat Pot is subjected to 
thorough internal and external inspection. Two X-ray 
machines, operated by trained radiographers, reveal 
any hidden flaws or weaknesses which might shorten 
service life. Pots are also pressure-tested at 60 pounds 
per square inch. This eliminates the possibility of 
porosity that does not show up on X-rays. 

This careful inspection, plus Thermalloy’s outstanding 
heat-resistant properties, are your guarantee of top 
quality. Why not make Thermalloy your standard in 
buying heat treat pots? 


Over 100 sizes in both round and rectan- 
gular pots are available for production 
from stock patterns. Write for Bulletin 
T- 205, listing shapes and sizes available. 
Electro-Alloys Division, 2098 Taylor St., 
Elyria, Ohio. 


Specify THERMALLOY* for heat and abrasion re- 
sistance... CHEMALLOY* for corrosion resistance 


*Reg. U. S. Pat. Off. 


ELECTRO-ALLOYS DIVISION 


ELYRIA, OHIO 
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STEEL USERS . . . SHOPMEN, TOOL AND DIE MAKERS, 
E BOOK GIVES YOU UP-TO-THE-MINUTE INFORMA- 
DELY KNOWN AND USED TYPES OF TOOL AND DIE STEELS 


4 in a flexible cover, Handy index tabs for easy selection of: 
de 4 to fit your pocket. Reverse * ‘ 
sides of index tabs show tables and data of practical High Speed Steels 
Non-deforming Die Steels 


value in everyday peactice: Oil Hardening Die Steels 
* Decimal equivalents of one inch Hot Work Steels 
* Hardness, temperature and millimeter Shock Resisting Steels 
conversion tables Die Casting Die Steels 
Weights, by size, of hot rolled round bars, Water Hardening and Carbon Steels EX 
drill rod, flat and square bars. This manual is yours for the asking . . . - 


USE THE COUPON BELOW — TOD ee 


£  &. ” <i or 











LATROBE ELECTRIC STEEL COMPANY. Latrobe, Pa 


Gentlemen: Please send me, at once, your tool and die steel 
manual at no obligation. MP 











we 
Dependable temperature control to 1000 F 


ti ie 
° 


Connection between the in- be 430 500 gf 
0 it i > SES ae 
strument and its primary ” 
element (a Thermohm tem- 


perature detector) is wire 1 H zg e iT 


. not tubing. Can be any 
length without affecting ac- 
curacy or dependability. 


te 
x 


LECTROMAX Controllers give modern electronic 
E regulation to thousands of important manu 
facturing processes. In any application up to 
1000 F they exactly fill the bill for non-recording 
controllers of outstanding dependability 


Electromax has the sensitivity, accuracy and de 
pendability of its big brother Speedomax Recording 
Controller. Likewise, it is not affected by vibration 
or building tremors can even be mounted on the 
frame of a molding press. The instrument needs 
almost no attention, because it has only one moving 
part . a covered plug-in type relay. There's 
usually no need to open the instrument door for 
months at a time 


Flectromax Control is available to provide any on 
of three control actions. For the more simple proc 
ess requirements, on-off or two position control is 
usually used. For processes requiring control 
june within unusually close limits, two different types 
—™ oveitable om et fuel of proportional control are available Position 
Typical somele * cwure of process \djusting Type and Duration-Adjusting Type 
max control on a electricity All three types of control action can be applied to 
is gos, oil electric, steam or fuel heating 


For further information, write our nearest office, 
or 4927 Stenton Ave., Phila. 44, Penna 


TRUMENTS TRLEMETERS auTOmarT 


Jrl Ad ND47(2) 


AUGUST 1951; PAGE 3 
Metal Progress i« published and copyrighted, 1951, by American Society subscriptions $7.50 « year Entered as second-class matter Feb. 7. 1921 
for Metals, 7301 Euclid Avenue, Cleveland, Ohio Issued monthly at the post office at Cleveland, Ohio, ander the act of March 3, 1879 








—_ 
va 


e a — 
Vata -— — 3 


domestic demands. Your country NEEDS it! 
Today your DORMANT SCRAP* commands high prices. 


HOW TO TURN SCRAP INTO MONEY... 


with an organized dormant-scrap round-upin your plant: 


1 Appoint a top executive with authority to make 
decisions to head the salvage drive. 


2 Organize a Salvage Committee and include a 
member from every department. 


Survey and resurvey your plant for untapped 
sources of dormant scrap. Encourage your em- 
ployees to look for miscellaneous scrap and report 
it to the committee. 


4 Sell your entire organization on the need to scrap 
unusable material and equipment. 


5 Prepare a complete inventory of idle material and 
equipment. Tag everything not in use. 


6 Start it back to the steel mills by selling it to your 
regular scrap dealer. 


7 KEEP AT IT! 





PROFITS - 
from Scrap! 


* Your DORMANT SCRAP is any obsolete, broken or 


wornout and irreparable machinery, tools, equip- 
ment, dies, jigs or fixtures, etc., that may encumber 
your premises. These, in the language of steel, are 
scrap, vital to steel production, and hence convertible 
into cash. 

Steel is normally made from scrap and new pig 
iron in about a 50-50 ratio. The use of scrap means 
better steel, faster . . . because scrap has already 
undergone one refining process. Today under pres- 
sure of domestic and defense demands, the steel 
industry is consuming purchased scrap at the rate 
of 100,000 tons per day . . . an all-time high. Your 


dormant iron and steel scrap is urgently needed. 


Round-up and sale of your dormant scrap NOW 
will benefit you, all steel users, and our country by: 


1 Keeping the steel furnaces producing at their highest 
rate in history. 


2 Conserving our vital iron ore reserves. The more 
scrap used in steelmaking, the less ore needed. 


3 Making better steel, faster. 


INLAND STEEL COMPANY 


38 South Dearborn Street . Chicago 3, Illinois 
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From the botch type installation at the left martempering 
base detonotor fuses, to the huge mechanized furnaces 
austempering automobile bumpers illustrated below, Ajox 
Electric Salt Both Furnaces ore replacing old-style quench 
and temper methods for o wide variety of steel products. 


From ring gears to plow points... 

From bearing races to cast iron cylinder 
sleeves... 

From uniformly shaped metal parts to 
odd and irregular sizes... 

Scores of installations have proved the 
tremendous possibilities for economy, 
greater speed and efficiency in martemp- 
ering and austempering, because all water 
and oil quenches are eliminated. 

Distortion is so negligible that parts can 
be machine finished before hardening. 
Final grinding is eliminated or materially 
reduced. Scale, decarb and quench cracks 
are eliminated. Toughness and ductility 
are increased. The work is done materially 
faster in less floor space—with lower labor 
costs. Let the Ajax Metallurgical Service 
Laboratory prove these claims on a speci- 
men batch of your actual parts, under actual 
working conditions. 


Write for Ajax Bulletin 120 


AJAX ELECTRIC COMPANY, INC. 
910 Frankford Avenue 
Philadelphia 23, Penna. 


argest manufacturer of electric heat 


"See so uae 


treating furnaces exclusively @ 
‘4 


< 


ELECTRIC 5,7, FURNACES 
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" Wanagement Method to Make 
yon-Hours More Productive’ 


Why Not Gear Up For Today’s Production 
This Way? 


that way—with the help of the Carpenter 
Matched Set Method. For the Method 


not only enabled this plant to eliminate 


For 11 years this 

gave 

averaging 

1. This record 

1 production t 

ays by keeping 

operating with tewer shut- 

tor resharpening. The precision 
} 


0 teeth 90 pitch, are n ade from 


hard brass. In heat treatment 


ly .0005”" on tl 


costly experimentation in selecting the 


right steel, but enabled management to 
forecast Output advance because they 


could count on the tools to produce the 


parts on time 


Used in hundreds ot plants, the Method 


offers tar more than simplihed tool steel 


selection. It makes machine operators 
more productive. It enables your plant 
carry lower tool steel inventories. It 
makes heat treating easier simplities tool 
room and prod ICTION proce lures. What's 
more, it is amazingly easy to apply. No 
extra cost or bother. To discover what it 
can do tor you, ask for the new booklet 

How to Get Better Tool and Die Per 
tormance’. THE CARPENTER STEEI 
CO., 133 W. Bern St., Reading, Pa 


Export Department: The Carpenter Steel Company 
Reading,Ps. ‘‘CARSTEELCO” 


arbenter 


More than top-grade steels...a Method 


to keep tooling and production on schedule! 


For your convenience, Carpenter carries warehouse stocks in principal cities throughout the country. 
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EASY-FLO 
tit: ae) | ed oo 
Fast 


Once again these low-temperature silver brazing 
alloys are doing double-dut y—helping American In- 
dustry meet the biggest two-front production order 
in history—defense and domestic. 

Once again EASY-FLO and SIL-FOS are proving 
a gubanl ian enabling manufacturers on both fronts 
to turn out strong, leak-proof metal joints at amaz- 
ing production rates and with push-button simplicity 
—and, as a natural result, at rock-bottom costs. 

Once again all Handy & Harman's resources are 
being exerted to help manufacturers get the utmost 
benefit of the remarkable speed and economy inher- 


Get any brazing output you need with ent in EASY-FLO and SIL-FOS brazing. 
the ALLOY PREPLACEMENT formula. USE THIS VALUABLE SERVICE 


Without cost or obligation, we'll send to your “ape 
The girl in the picture above easily brazes 33 gas one of our corps of specially trained and widely ex- 
meter part assemblies per hour—every one gas- perienced field service engineers to help you deter- 
tight and with one-piece strength. It's a typical mine where and bow EASY-FLO and SIL-FOS will 
example of the alloy preplacement formula in simplify, improve, and speed up your metal joining. 
action—the formula that makes brazing as simple Just contact our nearest office or agent and say when 

as abc and assures a steady you'd like him to call. 

stream of soundly brazed 

parts. Get the full story about 

this time, labor, cost-saving HANDY & HARMAN 

f la in BRAZING 

NEWS No. 54. Weite fon REG 82 FULTON STREET - NEW YORK 38, N.Y. 

a free copy today. mayey Bridgeport, Conn. * Chicago, Ill. * Los Angeles, Cal. 

Providence, R. 1. * Toronto, Canada 


Agents in Principal Cities 
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IN HIGH VACUUM a film of aluminum .000005” thick is about 
to be deposited on a load of transparent polystyrene plaques. 

After they emerge from this 48-inch DPi Vacuum Coater at 
the Plastics Division of General American Transportation Corpo- 


Pp - lystyrene ration, the backs will get an over-all protective lacquering, and 


through the front expensive-looking, silvery letters will spell out 





the name of a famous make of refrigerator—ready to withstand 
os . . 
going in thousands of scuffs by busy housewives. 


In the booming art of vacuum metallizing, this is called 

t | “second surface work.” Low in cost as it is, there is an even less 

expensive technique of “‘first surface work.’’ This means simply 

" that the metal film, with its preparatory undercoat and protective 
coming out overcoat, goes on the outer surface of molded items. The color and 
clarity of the base material may be whatever today’s tight markets 


will provide, since a beautiful metallic coat will cover it. 


DPi makes the most efficient vacuum metallization equipment 
you can buy and stands ready to work with you in selecting your 
lacquers and lacquering equipment. We suggest you write for 
further information to Distillation Products Industries, Vacuum 
Equipment Department, 753 Ridge Road West, Rochester 3, 
N. Y. (Division of Eastman Kodak Company) 





high vacuum research 


= ib and engineering 











Also ... vitamins A and E... distilled monoglycerides . .. more than 3400 





Organic Chemicals for science and industry 
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Ol LITE Finished Machine Parts 


give you these important advantages: 


® Quick delivery 


® No tooling program 


® Low price 


® Release of skilled manpower 


® Conservation of strategic materials 


ALTERNATE MATERIAL 

Oilite gives you a dependable 
alternate for bronze, brass, alumi- 
num, cast iron, steel, and plastics. 


MACHINING ELIMINATED 

Oilite processes help you elimi- 
nate as many as twenty-four 
machining operations. 

SIMPLE TOOLING 

Oilite products require little tool- 
ing; saving you floor space, jigs 


and fixtures, skilled manpower, 
and time. 

UNDUPLICATED EXPERIENCE 
Oilite engineers pioneered iron 
powder metallurgy; their experi- 
ence of more than twenty years, 
and Ojilite’s broad facilities are at 
your disposal. 

OILITE FERROUS-BASE BEARINGS 
Heavy duty, oil-cushion, self-lubricating. 
Excellent for replacing your non- 
ferrous units of solid material. 


te representotives ond field eng 


neers ore located thre 
ind Canada. You 


the field engineer in y 


the home office 


ghour the U 
invited to contact 


r district or write 


AM PLEX MANUFACTURING COMPANY 


Cy GOyney 


oration 


DETROIT 31, MICHIGAN 


Besides Field Engineers, Supply Depots, too, are maintained 
in Principal U. S. and Canadian Cities. 


0. Note te Execialiwes) 


Some facts about 
Oilite Products 


Essentially, Oilite metal powder 
products constitute a new series 
of metals—each formulated to do 
a specific job. When used as re- 
placements for tin, aluminum, 
copper, and other strategic mate- 
rials, they often become perma- 
nent replacements 

For example, on any unit where 
motion cccurs, Oilite provides the 
otherwise unobtainable feature of 
self-lubrication 

As withany other new material, 
habitual specifications should 
often be reviewed when consider- 
ing Oilite finished machine parts 
To illustrate, designers using cold 
rolled steel, may automatically 
apply the strength specifications 
of that material. The engineer, 
however, knows that strength as 
low as 40° of steel is satisfactory 

Another advantage of Oilite is 
its broad range of physical prop- 
erties. Thus, when high stresses 
exist, Oilite engineers specify the 
correct material necessary to 
meet the requirements. 

When production, including 
mass quantities, must be reached 
in record time, Oilite bearings 
and finished machine parts may 
provide you with an excellent 


reservoir. 


President 


OILITE 


PRODUCTS 


OILITE PRODUCTS: 

Heavy duty, oil-cushioned, self-lyu- 
bricating beorings and finished mo- 
chine parts in ferrous and norfer- 
ee ee 
filters. Friction units. Self-lubricat- 
ing cored ond bar stock 








Zo you know ? 
ACME XN PRODUC 








Detail view of automatic lubrication system 


Purchaser may select one of several makes 


Every wearing surface on an Acme XN Forging machine is 
automatically lubricated with just the right amount of oil at 
just the right time. Acme XN Forging machines are equipped 
with a motor driven centralized pressure feed lubricating sys- 
tem by which a measured amount of lubricant is forced to every 
bearing and wearing surface of the machine. An adjustable 
time cycle at the central pumping unit, as well as adjustment 
in each valve, measures the exact amount of oil needed for 
each bearing. Years of added productive machine life are a 
certain result of this ACME XN feature. 


ACME MACHINERY DIVISION e 1207 W. 65th St., Cleveland 2, Ohio 


ESTABLISHED 1882 


“ACME” FORGING © THREADING © TAPPING MACHINES © ALSO MANUFACTURERS OF “HILL” 
‘HYDRAULIC SURFACE GRINDERS © “CANTON” ALLIGATOR SHEARS © PORTABLE FLOOR CRANES © “CLEVELAND” KNIVES © SHEAR BLADES 
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Four-stack Fixture 





diameter—28 high 


40 diameter—S0" high 


Furnace Loads Increased 


with D-H Fixtures 


Two-level Fixtare— 24” diameter—S5" high 


‘‘tailored for The Job”’ 


When vertical carburizing furnaces became popular, 
Driver-Harris made close studies relative to loading capaci- 
ties, and decided that fixtures specially designed to meet 
individual requirements would enable live load percentages 
to be increased, and loads to be more easily handled. 


Custom-built equipment pioneered by Driver-Harris 
proved so successful that for fifteen years this firm has 
continued to specialize in producing furnace parts and 
fixtures “tailored for the job.” In every instance, load ratio 
has been improved and load handling facilitated. 


Here are a few typical examples picked from hundreds 
of applications in service today. These fixtures are made of 
Chromax* and Nichrome*—the high heat and corrosion- 
resistant alloys that are unsurpassed for heat-treating 
applications. Components consist of castings, forgings, hot 


rolled rod, sheet and wire—all produced in Driver-Harris’ 
own plant to meet given requirements. 


Such products exemplify the exceptional facilities at the 
disposal of Driver-Harris for designing and manufacturing 
equipment of this type. Moreover, since Driver-Harris is 
both producer and processor of numerous alloys, it is not 
prejudiced in favor of a particular material or process. 
Whatever is best suited to achieve peak performance is 
utilized. To have furnace parts and fixtures designed and 
produced by Driver-Harris, therefore, means that your 
specific needs are met in the most efficient manner possible. 


Under present conditions, exceptional demand is engag- 
ing the resources of the Driver-Harris Company to an 
unprecedented extent. Nevertheless, we shall be happy to 
have you consult with us, and shall be glad to serve you 
to the best of our ability. 


Nichrome and Chromox ore manufactured only by 


Driver-Harris Company 


HARRISON, 


NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco 


*T.M. Reg. U. S. Pot. OF 
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Buckler 


SPECIMEN 
MOUNT PRESS 


No. 1315 





This new, improved model is designed 
specifically for the rapid precision molding 
of specimen mounts, either in bakelite or 
transparent plastic. The simple, rugged con- 
struction, without concealed working parts, 
offers maximum accessibility and conven- 
ience for the operator. This accessibility 
combined with the smooth performance of 
this press, permits speed and accuracy in 
molding specimen mounts. 

Molding tools are lapped finished for 
close tolerance with a perfect fit. The fast 
working solid heater can be raised and the 
cooling blocks swung into position without 
releasing pressure on the mold. This rapid 


cooling permits removal of transoptic 


mounts in a few minutes. Heater and cool- 
ing blocks need not be removed from the 
press thus eliminating the possibility of 
accidental burns in handling these parts. 
This model press will develop pressure up 
to 10,000 Ibs. 





THE BUEHLER line of specimen preparation equipment includes ... . 
CUT-OFF MACHINES @ SPECIMEN MOUNT PRESSES ¢ POWER GRINDFRS © EMERY PAPER GRINDERS ¢ 
HAND GRINDERS ¢ BELT SURFACERS @ POLISHERS * POLISHING CLOTHS ¢ POLISHING ABRASIVES 


Buckler Ltd ‘ 
| METALLURGICAL APPARATUS Gi SD 


165 West Wacker Drive, Chicago 1, Illinois 
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The “Eager Beaver” 


The use of low-alloy, high- 
strength steels in military equip- 
ment assures longer life with 
less deadweight. 


The widespread use of N-A-X HIGH-TENSILE steel in 
transportation equipment emphasizes two vital 
characteristics of this high-strength low-alloy steel. 


1. Strength with less deadweight. N-A-X HIGH- 
TENSILE steel reduces deadweight .. . of great 
importance in transportation equipment and 
military vehicles. 

Exceptional durability. N-A-X HIGH-TENSILE 
steel, with its high strength and toughness, has 
proved greater resistance to fatigue and 
impact at normal and sub-zero temperatures. 
Its inherent structure and composition greatly 
reduce the effects of abrasion and corrosion. 


The response of N-A-X HIGH-TENSILE steel to severe 
cold-forming operations and its excellent weldability by 
electric arc or resistance, atomic hydrogen or heliarce, and 
all other processes, are added important characteristics 
of N-A-X HIGH-TENSILE steel. 


NATIONAL STEEL tilag CORPORATION 
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year fate 


THEN DEPEND ON HARSHAW SCIENTIFIC TO SUPPLY IT 


All 6 Harshaw Scientific Offices maintain warehouse stocks 


of laboratory instruments, apparatus, and chemicals—in fact, 


thousands of different items . . . good, recognized items. 
We’ll ship your material from our branch nearest you... 


and there is one within fast shipping distance of you. 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO 
CLEVELAND 6 OHIO 


Cleveland 6, Ohio Houston Il, Texas 
1945 Eost 97th St. 6622 Supply Row 
Cincinnati 2, Ohio Los Angeles 22, Calif. 
224-226 Main St. 3237 S. Garfield Ave. 
Detroit 28, Mich. Philadelphia 48, Pa. 
9240 Hubbell Ave. Jockson & Swanson Sts 
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Its just been through 70 chemical check-ups 


Another reason why you T 


with TIMKEN 


Every heat of Timken” forging steel goes 
through 70 separate checks for chemical 
composition before tapping: And that's 
just one of many quality controls that 
assure you of uniform physical and 
chemical properties, uniform forge 
ability, uniform response to heat treat- 
ment—from heat to heat and bar to bar. 


This uniformity, plus superior surface 
and internal quality, helps you produce 


YEARS AHEAD— 
THROUGH EXPERIENCE AND RESEARCH 


TIM 





SUTE of ( 'N II ORMII Y 


forging steels 

better finished forgings. And at less cost, 
too — because you have fewer rejects, 
fewer delays and shop practice changes. 


For help with your forging problems, 
consult our Technical Staff. And for our 
bulletin No. 31, “Chemical Composition 
of Alloy Steels’’, write on your letterhead 
to The Timken Roller Bearing Company, 
Steel and Tube Division, Canton 6, Ohio. 
Cable address: “TIMROSCO”. 


SIEBE 


Specialrets alle : 
steel bars y tee é 


analyses —a 


AUGUST 1951 


4EN 


PAGE 





15 





For 


Lumnite”* Heat-Resistant 


Foundry Floors 


TALK ABOUT SPEED! This tough Heat- Resistant Concret 


floor was poured during a one-day shutdown. In 
service the very next day, it has taken the soaking 
heat of melting furnaces and the pounding of scrap 
boxes for 3!» years—and it’s still going strong 


A RECORD? Far from it. You can expect speed with any 


***LUMNITE?” is the registered trade mark of the calcium-aluminate cement ma 


NBC SYMPHONY SUMMER CONCERTS—Sponsored by L.S. Steel Subsidiaries 


Lumnite Concrete. It reaches service strength in 
24 hours or less cuts outage time on both Heat 
Resistant and Refractory jobs. You can count on 
durability, because Lumnite Concrete withstands 
severe thermal shock. With suitable aggregates, it 
takes heat to 2600° F. And it’s easily and econom 
ically poured in the shape and size needed 

Why not check now to see where you can speed 
construction and cut costs with Lumnite calcium 
aluminate cement? It can be used for Heat-Resis 


Constant pounding force of red-hot skulls being dumped hasn't 
hurt this Lumnite Concrete floor at Silverstein & Pinsof. Reports 


say floor is in good condition after 2% years. 


use 
Concrete 


At Silverstein & Pinsof, Inc., Chicago, workers 
were surprised when they returned after a one- 
day shutdown and found this Lumnite Heat- 
Resistant Concrete floor in place, ready for 
service. 


tant, Refractory or Insulating Concrete, depending 
on the aggregate. Lumnite has an enviable record 
of service and economy on such tough jobs as fur- 
nace car tops, door linings, arches and base pads, 
stack linings, and slow-cooling pits 


FOR CONVENIENCE, you may prefer to buy pre- 
pared Castable mixes. These packaged mixtures of 
Lumnite and selected aggregates are tailor-made to 
meet your specific temperature and insulation re- 
quirements. Add only water. They are made by 
refractory manufacturers and sold through their 
dealers 

For more information write: Lumnite Division, 
Universal Atlas Cement Company (United States 
Steel Corporation Subsidiary), 100 Park Avenue, 
New York  _*? = @ 


Lumnite Heat-Resistant Concrete worked so well for furnace 
room and slag dump floors that Silverstein & Pinsof is using 
Refractory Concrete to reline doors of melting furnaces. 


nufactured by Universal Atlas Cement Company 





LUMNITE for INDUSTRIAL CONCRETES 





REFRACTORY, INSULATING, OVERNIGHT, CORROSION-RESISTANT 
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Sunday Evenings—jJune to September 





gp Wil HO 


quality counts 
in the home! 





STAINLESS STRIP. STEEL 
gets the call! 


Stainless is chosen by discriminating homemakers 

® for beauty and permanence . . . SUPERIOR 

Superior Steel : Stainless Strip Steel is specified by experienced 

CORPORATION ‘ fabricators for its many production advantages. 
CARNEGIE, PENNSYLVANIA : ® Let us detail them for you! 





Quality porcelain enameling at Kaiser 


‘ 
! 


Ground coat firing furnace 
and control pane with 
Electronih: indicating 
controllers and strip chart 


Electronih recorder. 





with 
G-E ELECTRIC FURNACES 

















and 


TEMPERATURE CONTROL 


KatseER METAL PropucTs DIVISION firing section with 14 zones of control. 
spared no effort in providing the most Critical temperatures are accurately main- 
modern facilities for the recently com- tained by ElectroniK indicating control- 
pleted porcelain enameling plant at lers, while multi-record ElectroniK strip 
Bristol, Pa. Top-quality bathtubs move chart recorders provide continuous rec- 
without interruption on a continuous ords of the firing operations, for long term 
line that starts with steel and ends with quality control. 

crating of the finished product. 

Such extremely sensitive and accurate 
process control is repeated in hundreds of 
plants throughout industry. For a discus- 
sion of your utilization of ElectroniK 
control, call in our local engineering repre- 


Of special interest, in this most complete 
and modern plant of its type, are the 
General Electric U-type heat sealed 
electric furnaces for firing and baking 
the ground and cover coats. The ground 
coat furnace has a 40-foot firing section 
with 8 zones of control. The cover coat MINNEAPOLIS - HONEYWELL REGULATOR 
furnace . .. the largest electric counterflow Co., Industrial Division, 4503 Wayne 
furnace in the world . . . has a 64-foot Ave., Philadelphia 44, Pa. 


sentative . . . he is as near as your phone! 


Honeywell 
Brow Qustiiumect- 
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“Tool life on Inconel rivets up 35%4 


"=" 
: 


with Guilt Electro Cutting Oil 


“Because we specialize in tough machining jobs, we 
know that there's a big difference in cutting oils,” says 
this General Manager. “On Inconel aircraft rivets, for 
example, we get much better results with Gulf Electro 
Cutting Oil. Production is up 35%, and tool life is ex- 
cellent: 
Form & cut-off tools—500-600 pieces per grind 
Carboloy box tools—800 pieces per grind 
Center spotting tool—500-600 pieces per grind 
Here’s the important reason why Gulf Electro Cutting 
Oil delivers such outstanding performance. Thanks to a 


r 

















PETROLEUM AND ITS PRODUCTS 





ei i 
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SAYS THIS 
GENERAL MANAGER 


special Gulf process of combining sulphur, it provides 
greater sulphur activity over the entire range of a cut- 
ting operation. This intensified chemical action means 
better protection for the tool at elevated production 
rates—helps reduce built-up edge, prevents chip weld 
ing, prolongs tool life. 

Operators like it because they get these production 
advantages without the disagreeable odor ordinarily 
associated with sulphurized cutting oils. 

Call in a Gulf Lubrication Engineer today and arrange 
to use this outstanding oil in your shop, or send the cou- 
pon below for additional information. 


Gulf Oil Corporation - Gulf Refining Company 
719 Gulf Building, Pittsburgh 30, Pa 


Please send me, without obligation, a copy of your pamphlet 
Gulf Electro Cutting Oil 


Name 
Company 
Title 


Address 
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| Sapo | Refractories 


heat-treating 


There's hardly a heat-treating furnace that, somewhere in 
the furnace, doesn’t use Super Refractories by CARBORUN- 
DUM — or couldn't do so profitably. 

By selecting from their wide variety of base materials 
and bonds, CARBORUNDUM manufactures “job-designed” 
refractories to meet many exacting furnace conditions. 
Whether the problem is load strength, abrasion resistance, 


cracking resistance, 


or thermal conductivity, chances are 


that one of these Super Refractories, or a combination of 
them, can give the operating characteristics that you are 
looking for. Their use improves furnace efficiencies and 
helps deliver a better quality product. 

We have a free booklet that outlines specific applications 


of these Super Refractories. May we send you a copy? 


Dept. C-81, Refractories Div. 


Carborund and 
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C. t. HAYES electrically heated, atmosphere controlled 
furnace used for forging stainless steel jet engine blades 
This operation involves high temperatures and a high rate 
of production. CARBOFRAX silicon carbide material is used 
in the roof, floor and the front opening slot to give required 
abrasion and temperature resistance. 


STANDARD FUEL ENGINEERING COMPANY fur- 
naces used for hardening and pack carburizing. CARBOFRAX 
hearths stand up under the heavy loads and abrasive condi 
tions encountered — also provide high thermal conductivity 
The burner tunnels, made of ALFRAX aluminum oxide 
cement, are long lasting and retain proper size openings 


PENNSYLVANIA INDUSTRIAL ENGINEERS | Div. of 
Amsler Morton Corp.) walking beam furnace. The work 
rests On CARBOFRAX rails which provide necessary resis- 
tance to impact, abrasion and high temperatures 


Perth Amboy, New Jersey 


ure by The Carborundum Company 





Customer in Jam, Distributor Flies 
Tool Steel to Him in Own Plane 


The phone rang the other day at the hom« a oa 
sito ” ~~. ee Ma 
(AS 


of one of our distributors while he wa - a - 
at breakfast. It was one of his New En 


¥, 
i land customers in a city several hour 
a ia distant by ear. 


“I'm in real trouble,’ 


, ae , * moaned the eu 

A-H5 tool steel is the backbone of this die which 

forms the flywheel! element of o Borg-Warner auto tomer. “I need some tool steel in the 
motic transmission from .1495-in. steel sheet in o 

750-ton press. This die must hold accurate size during worst way. And I’ve got to have some 
hardening becouse it produces precision ports 
body to show us how to 


Every hour is costing me plenty! 


Precision dies of A-H5 for Gur dctalladed Snttal denesthe dntalte 
1 and grabbed his hat. He rushed over 
Borg-Warner transmissions gev 


Talk to the production men at MeIntosh exact length, and loaded them in h i ady h your order for popular 


his warehouse, had the short bars « t y. vour Bethlehem distributor is 


Stamping Co., in Detroit. Ask them how rhen he headed for the airport. Here was ades and sizes of carbon tool steel, oil 
vw A HS tool steel they're using his chance to cash u ' i eck -end F hardenu vrades, shod k-resist 
t thew precision dies They'll ty ing lessons! wot-work, and high speed eels. Tle 
’s doing a good job. It’s highly At the airport they had a red mono rries tool bits, brake die steel and other 


plane ready, engine warmed up and rarin’ P hat vou need frequently. And 


0 distortion dur 
ars well of to go. In a matter of minutes he was ta « knows that he ean eall on the Beth 


s. and ing down the eld and otf he roared into hem tool steel me rists to solve un 


duty stamping presses the wild blue yonder. And in less than ial ~problen and to handle special 
) pet chromium air-harder two hours after the phone call he was de orders with our mill and laboratories 

at comes close to the high livering the tool steel and giving the rhey're mighty e: pable folks to de pe nd 
carbon, high-chromium grades in its safe, grateful customer some pointers on how on for tool steel service, whether it’s an 
weurate hardening properties Yet it’s to heat-treat it for best results emergency, a tough probk m, or a routine 
s eeonomies as most oil-hardening Not every Bethlehem distributor can requirement. That's why we savy: “Hats 
vrades. Easy achine and heat-treat, personally fly 

{ r 


too. It’s being used more all the time by emergency. But when you need fast de doing a real job!” 


ool steel to you to meet an off to the Bethlehem Distributors! They're 


| and die makers who want a general 
purpose grade, one that’s a consistently 


ne performer and needs no pampering 


Most toolmakers know that deearburized tig failure. Usually there is a stress 

metal must be removed completely from concentration m the shank, due to the 

the working surfaces of tools. But it is re in seetion; and when this tool sur 

not so widely known that it’s often best i s also deearburized, rapid failure 

to remove this skin from other portions servi an oceur 

of the tool. ut ivers of a decarburized too 
This precaution ts especially necessary ist don't hi he strength of the ef 

on tools subject to repeated pacts 1 v hardened tool steel bas« The « 


example, a pneu ‘ hisel “av ha thing to do rind off the dees 


forged shank otten breaks beeat F ‘ ool surtaces 
A-H5 tool steel odds wear and shock-resistance to 


this high-production die, hardened to Rockwell C-58 AS 
which forms the back-plate for a direct-drive clutch ae Oy 
wv 4 


from .2092-in. steel sheet in a 250-ton press 


tia a 2 ©° 
Bethlehem Tool Steel 


"Este? 
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problem of 


in your 


product 


PRODUCT DESIGN, magnesium offers the out- 


N 
standing advantage of a high 


weight /strength 
ratio. This single factor offers many interesting ap- 


plications for metal users 


Suppose your product up for re design e° . has 


ot 


designing you have a choice of several metals 


met a sales penalty excessive weight. In re 


But 
only can ofter you the best 


one magnesium 


combination of light weight, strength and rigidity. 


Perhaps your product requires additional parts to 
Yet the addi 


tion of those parts may mean undesirable weight 


increase its efficiency, its saleability 
By re-designing with moznesium, many manufac- 
turers have found it possible to add improvements 


without increasing weight 


Another type of design advantage is often utilized 


where no weight saving is necessary. Because of 
its strength/ weight ratio, magnesium makes possible 
greatly simplified construction with resultant lower 
costs. Recently a large, complex structure was re 
designed in magnesium with a reduction of 69°¢ in 
the number of pieces required and reducing the 


number of fasteners 62°; 


design with 


of 


Magnesium offers real flexibility in 


a variety of alloys possessing characteristics 


strength, toughness, machinability and corrosion re- 
sistance. Fabricated magnesium is produced in all 
common forms forgings sheet 


castings extrusion 


and plate; and can be economically worked by all 


standard shop practices 


This Little “Pig” Was Drafted... 


FY Today, magnesium like many other 
V j 1 
= is a tremendously important part 


ht 


tense effort particularly where 


DOW CHEMICAL 
Magnesium Department e Midland, Michigan 


metal 


of our 


lig 


COMPANY 


New York « Boston « Philadelphia « Washington « Atlanta « Cleveland « Detroit 


Chicago « St. Lowis ¢ Houston « San Francise 


Dow Chemical of Canada, Limited 


« Los 


Toronto, Canada 


20 


Angeles « 


eattie 





@ Generous Sized Cabinets 

© Conditioned Cooling System Yes... dependable... rugged... and versatile! 
Lindberg Induction Heating Units are designed and 
built to operate under rigid production requirements 
far beyond the usual capabilities of Induction Heating 
Equipment. Like the bloodhound who never quits the 

e Industrial Type Tubes trail, these units will serve you 24 hours a day... 

day after day... month after month. 


e Oversized Components 
@ Filament Voltage Regulation 


Plants throughout the nation report dependable, ver- 
satile operation—fast, accurate, selective 
heating—on tiny pins—on mammoth gears 
—controlled in both depth of penetration 

and area covered. Investigate the Lindberg 

Induction Heating Units—you will profit 

from their rugged ability to deliver 24 hour 

a day operation. Ask for Bulletin 1440. 


LINDBERG or HIGH FREQUENCY DIVISION 


Lindberg Engineering Company, 2448 W. Hubbard Street, Chicago 12, Illinois 
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Steel saved civilization at Vienna 


Mopern history begins with the record 
of conflict between Christians and Moslems-- 
six centuries of wars that opened with the Cru- 
sades and saw the Turks capture Constantinople 
in 1453. 

More than 100,000 Turkish janizaries and 
cavalry besieged Vienna in 1683. For two 
months, to quote the diary of an eye witness, 
“The enemy continued playing their cannon 
and granadoes. But the city walls were strong, 
Christian cannon were bigger and more numer- 
ous and ammunition more plentiful.” Finally 
came a day when the officer's journal reported, 
“The enemy did not play their cannon so fast. 
It was confirmed that they had no great provi- 
sion of bullets, inasmuch as they shot back not 
only our bullets, but also pummels of swords 
and all sorts of iron and stones.” 


At last a great Christian relief army was as- 
sembled. “They made an attack in the best 
order that ever army did. The enemy, forced 
always to give back, were put all into confusion. 
They betook themselves to flight, leaving all 
their provisions, ammunition, cannons and tents 
--the greatest part rendered unfit for farther use 
by our great guns.” 

Never again did the Turks seriously menace 
Christendom. Western civilization had been 
saved once more by its supremacy in the use 
of iron and steel. To aid our survival America’s 
free private industry is producing steel at the 
highest rate ever known--and still expanding. 
The question remains-- Will America use enough 
of this tremendous steel production to guarantee 
the continued supremacy of Western, Christian 
civilization?---We believe the answer is yes! 


The Youngstown Sheet and Tube Company 
General Offices -- Youngstown 1, Ohio 
Export Offices--500 Fifth Avenue, New York 


MANUFACTURERS OF CARBON ALLOY AND YOLOY STEELS 


The steel industry is using all its resources to produce more steel, but it needs your help and 
needs it now. Turn in your scrap, through your regular sources, at the earliest possible moment 
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you use Dowicide products to “blitz” bacteria and_m 
tting oils and coolants, you'll reduce mya 
rial wastes that re 


CHEMICALS 


INDISPENSABLE TO INDUSTRY 


AND AGRICULTURE 
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Ever look through an old-time stereoscope? Remember 
the fascination of three-dimension pictures? Now add 
the vivid, full-color of Kodachrome and you have an 
idea of the breathtaking realism made possible with a 
View-Master Stereoscope —price, two dollars retail 

anywhere in the U.S.A. But there’s a lot of close- 
fitting, smooth-operating brass stampings in this de- 
vice, and, when they're made at the rate of a million a 
year, there’s no time for fussing with off-gage, off-tem- 
per metal. Anaconda Brass is the choice of Sawyer’s 
Inc., Portland, Oregon, makers of the View-Master. 


4 


Worlds longest water tunnel Because the = 


Driven through solid rock for 117 miles, 


this underground aqueduct will eliminate 


future water shortages in the New York 
City area. The new tunnel, built under the 
direction of the New York City Board of 
Water Supply, measures up to 21 feet in 


diameter and extends from the Catskills 


to New York City. Thousands of feet of 


protect important control wiring for the 
electric sluice gate hoists, pumps and re- 
cording devices. Junction boxes in corro- 
sive locations are also made of one of the 
high-strength, corrosion-resistant Everdur 
Copper-Silicon Alloys. Write for a copy 
of Publication E-12. 





It 
i 

With the rapid changeover facing American Industry 
today, much time can be saved by getting the right 
answer, quickly, to new metalworking problems. The 
service files of our Technical Department represent 
many years of experience with the metalworking field 
and contain much practical information on copper and 
copper alloy applications. If you feel we can help, 
don't hesitate to write, addressing The American Brass 
Company, Waterbury 20, Connecticut. 
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Everdur Electrical Conduit are used to 


cow wont cooperat 


This unique milk-bottling valve features an air 
release tube telescoped into a second larger tube. 
Advantage: Fast air venting speeds up the bottle- 
filling operation. Anaconda Nickel Silver was 
selected for the most important parts because 
this silvery-white metal is attractive, readily 
workable, easy to clean—and keep clean. The 
Specialty Brass Company, Kenosha, Wisconsin, 
manufactures the Kleen-Fill Valve. 


An “American” short story 
on railroading 


Many of our railroads have found a simple, econom- 
ical answer to the problem of supplying live steam to 
cars and coaches standing on sidings or in railroad 


terminals waiting for a locomotive to hook on. It’s in 
the form of “American” Flexible Metal Tubing. No 
joints to repack—simple to connect and disconnect, 
they save dollars in steam and maintenance expense. 
There are thousands of other applications where 
“American” Flexible Metal Hose or Tubing is used to 
convey steam, oil, air and other liquids and gases. 
Catalog CC-300 tells all. Want a copy? 





( 


~ 
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Jack of a 


| No chance for replacement here 
Ever have trouble changing a flat on that low-slung car of 


yours? Well, here’s a jack that eliminates the headache. Made Expansion and contraction are important problems in 
by the Triangle Jack Co., Inc., of Wichita, Kansas, it can be bridge and highway construction. A bearing surface cap 
instantly adjusted to suit the road clearance of any car. An able of supporting the tremendous, shifting weight of the 
Everdur Copper-Silicon Alloy is used for an important part superstructure must be provided. Bridge plates of 
of the screw mechanism because the manufacturer found it Anaconda Rolled Phosphor Bronze, one of the best bearing 
stronger, tougher and generally superior to all other non- metals known, have been installed in many of the country’s 
ferrous metals tried. largest structures, including the Macombs Dam Bridge 
approach of the Major Deegan Expressway, New York 
City. Fabricated with graphite-lubricated inserts in trepan- 
ned grooves by Merriman Brothers, Inc., Boston, and used 
in conjunction with a rocker assembly, these Anaconda 
Bridge Plates will withstand lateral movement in any di- 
rection from now on. 


e do this in self-defense 


For many years our French Small Tube Branch has 
manufactured small diameter, thin-gage tubes of the 
highest accuracy commercially obtainable. One of the 
reasons for this is the constant use of the bore telescope 


on redraw stock . . . for a small defect in a large tube ba 
would mean a /arge defect in a small tube. Since a tube Th = 
with an imperfect bore could not escape our final tests YOURS-FOR E FIRST TIME / 
and inspection, it would be rejected and scrapped... 25 y 
ears 
fy rr Ss i, re 


hence, we have a mighty good reason for ferreting out 
any possible imperfections right at the start. ( 


j 


Ui Vv 


...in 24 pages 
This brand new booklet is the first of its kind in the 


brass industry. It explains the chemical and physical 
nature of corrosive attack in its various forms. In- 


cluded is a tabulation indicating the relative corrosion 
y) Y resistance of the principal types of copper and copper 
P 7 base alloys when in contact with 183 different corrod- 
Whats So fasci nating ing agents frequently encountered. A penny post card 
. 7 will bring your copy of Publication B-36. Address 
about a fire hydrant 4 The American Brass Company, Waterbury 20, Conn. 
It all depends on the point of view. To the city engi- 
neer it’s a comforting thought to know the manufac- 


turer used the right metal in the right place. The stem, 
for instance, is one of the most vulnerable parts of a 
hydrant. It is subject to unusual stresses, strain and 
corrosive attack—and it has to be there when you need 


it! Leading hydrant manufacturers are using Everdur the name to remember in 


Copper-Silicon Alloys in increasing quantities for 


stems, stem-nuts, seat rings, drip valve holders, wash- COPPER: BRAS - BR 
ers, bolts, barrels and other parts where a strong, tough, 
S108 


corrosion-resistant metal is required. 


AUGUST 1951; PAGE 25 





Here’s why you should 


| GET IN THE SCRAP 


Production of the new steel you'll need tomorrow depends on 
the iron and steel scrap that goes back to the steel mills today. 
For more than 90 per cent of all U.S. steel is made in open-hearth 
furnaces from a mixture of pig iron and scrap. To keep going 
takes over 50 million tons of scrap a year! 


By using iron and steel scrap in this way, steelmakers can 


produce more new steel — and do it more quickly — with existing 


facilities. Quality of the steel is improved, too. 

(nd raw materials—it takes almost four tons to make one of 
pig iron—are conserved, Every ton of scrap returned to the mills 
saves a ton of pig iron, plus the time to make it. 

Steel mills themselves can furnish only two-thirds of the serap 
they need. The rest must come from you. Your idle scrap keeps 
steel in short supply, hampers the National Defense effort, and 


costs vou money. So sell it. ship it keep it moving. 


1 Check vour plant and property for every 


possible source of iron and steel scrap. 


Here's what you can do 2 Consult vour serap dealer, then cut up 
to help get much-needed yous exrap Sar highest sulnens 
3 Classifv and segregate alloy steels and 


scrap to Steel Mills 


special materials for higher prices 





4 Vove se rap fast through your scrap dealer 


Oxygen-cutting and powder-cutting with OXWELD equipment 
rapidly convert any steel or cast iron section into good, usable 
scrap. To get maximum efficiency and economy, ask your nearest 
LINDE representative to help you work out a practicable scrapping 
program. Phone or write today. Linpe Air Propucts Company, 
a Division of Union Carbide and Carbon Corporation, 30 East 
H2nd Street, New York 17, N. Y. Offices in Other Principal 


Cities. In Canada: Dominion Oxygen Company, Limited. Toronto 


Products and Processes for MAKING, CUTTING, 
JOINING, TREATING, AND FORMING METALS 


Trade-Mork 


The terms “Linde and “Oxweld ore registered trade-marks of Union Carbide ond Carbon ¢ 
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Not an instrument 
you 
uy... 


Now within seconds you can get an 
accurate and complete picture of com- 
bustion conditions in your furnaces. A 
Cities Service Combustion Engineer, by 
applying his exclusive Heat Prover, will 
quickly secure continuous, accurate 
readings that reveal any oxygen excess 
or waste combustibles present. 

Operators throughout the country, 
by using these instant readings as their 
guide, have been improving furnace 
output and product quality, while sav- 
ing fuel. 

Similar results are possible at your 
plant. Start the ball rolling today for a 
FREE Heat Prover test of your furnaces. 
Simply call or write your local Cities 
Service office . . . or else return the cou- 
pon below. 


CITIES 


a's ita: QUALITY PETROLEUM 


PRODUCTS 


THE COMPLETE CITIES SERVICE LINE FOR THE 
METAL FABRICATING INDUSTRY INCLUDES 
Chillo Cutting Oils Trojan Greases 
Trojan Gear Oils Optimus Cylinder Oils 
Pacemaker T Hydraulic Oils 
Q-T (Quenching and Tempering) Oils 


Ciries Service Om Co 
Sixty Wall Tower, Room 63 
New York 5, N. Y. 


Without obligation please send your booklet 
“Combustion Control for Industry 
Name 


Company 
Address 


City and State 
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THER-MONIC “== 


NEW DEVELGPMENTS IN ELECTRONIC HEATING! 


cot THER-MONIG GENERATOR 


WITH D DEL "5 3 KW.) 


Solders Armature is placed ! into an 


adjustable rotating SP! indle . - - and 


six automatically brought into 
h- 
— proper soldering pos" ition by PvS 


Armatures rie wi ni pene to 


each ter rminal of the rotating 


armature to complete the oper ration. 


THER: MONIc rasewooel s? DERFORMS FAST BRAZING OPERATION 
Carbide-Tips Spindle, with piece of brazing 


ONE alloy and carbide preplaced thereon, 


is inserted in heating position. 


Brazing temperature (1150°) reached 


—— 
Micrometer in 4 seconds. Cooling blocks 
. eliminate annealing of adjacent 
Spindle areas. Same THER-MONIC fixture also 
brazes carbide tips on micrometer 
—every anvil and other size spindles. 


FOUR Seconds! warrs ron verans: 


INDUCTION HEATING CO 
R 
181 WYTHE AVE., pesky tee 
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Engineering 


OF NEW PRODUCTS 


Digest 








LARGE SPOT WELDER: The “most 
powerful spot welder ever built” has 
been announced by Sciaky Bros., Inc. 
With an electrode force adjustable up 
to 23,000 Ib. and a rating of only 400 
kva, this machine is capable of ex 


ceeding the requirements of the Air 
Force-Navy Aeronautical Specifica- 
tions AN-W-30 (MIL-6860) and 
AN-W-32 (MIL-6858). Up to two 
thicknesses of %-in. aluminum alloy 
can be spot welded on a production 
basis. 

For further information circle No. 134 
on literature request card on p. 32B 


BUFFING WHEEL: The new Air- 
flow “pressure-cooled” buffing wheel, 
made by the United Buff Products 
Corp., is being used in the lamp, auto- 
motive, silver, stainless steel and cop- 
per industries. Ready for use as 
supplied, it requires no breaking-in, 
no inserts, spacers or dividers. Be- 
cause of the method of cooling, com- 
pound consumption is reduced. Various 
constructions and densities are avail- 
able for specific applications. 

For further information circle No. 135 
on literature request card on p. 32B 


BRAZING STRIP: To simplify the 
brazing of steel joints the American 
Silver Co., Inc., is now manufacturing 
low-carbon steel strip clad with silver 
brazing alloy on one or both sides, 
in any thickness ratio and melting 
range, to suit the requirements of 
each particular brazing application. 
As the steel surface is precoated 
evenly with the brazing alloy, no 
preplacements are necessary, and 
every joint is assured of a complete 


and uniform spread of alloy. Joint 
surfaces, being pre-diffused with the 
silver brazing alloy, eliminate the 
need of such preplacements as wire 
rings, sheet washers and blanks, and 
thus reduce considerably the tedious 
cleaning and fluxing operations before 
brazing. The heating cycle is reduced, 
since there is no need to depend on 
capillary flow to distribute the braz 
ing alloy. 

For further information circle No. 136 
on literature request card on p. 328 


WASHING AND PICKLING MA- 
CHINE: A _ new cleaning machine, 
developed by The R. C. Mahon Co., 
is of particular interest to plants 
manufacturing products with porce- 
lain enamel finishes. The process is 
continuous through all operations: 
emulsion cleaning, clear water rinse, 
alkaline cleaning, three-stage water 
rinse, sulphuric acid bath, acid water 
rinse, nickel sulphate bath, sodium 
cyanide neutralizer, borax neutralizer 


rinse, and hot air dry-off. Tanks 
and tunnel housing are of mild steel 
except in areas where corrosive 
materials are in contact or corrosive 
fumes prevalent. In these areas 
stainless steel is employed, or the 
mild steel is lined with lead or rubber 
For further information circle No. 137 
on literature request card on p. 32B 


PRECISION TUMBLING: Large 
quantities of parts are precision 
finished at one time in the new tum 
bling machine recently developed by 
the Roto-Finish Co. This machine 
incorporates many new features that 
make its operation more automatic 
and enable the operator to work in 
greater safety. It is push-button 
operated, having all controls conven- 


iently located on one compact panel. 
Once the machine is started, the 
automatic timer will stop its oper 
ation any time from 0 to 20 hr. with 
out further attention. It also has a 
5-hp. variable-speed power unit with 
a remote control handle for adjusting 
the speed of the cylinder from 10 to 
30 rpm. 

For further information circle No. 138 
on literature request card on p. 32B 


FURNACE: The new Ipsen furnace 
T-600 is a fully automatic, controlled- 
atmosphere unit for bright produc- 
tion heat treating and is rated at 600 
Ib. per hr. The unit is especially de- 
signed for bright carburizing and 


bright carbonitriding, although 


straight heat treating or annealing 
can be performed efficiently. Work 
is automatically loaded, transferred 
and quenched. The furnace is either 

The cooling cham- 
ber is water jacketed, with automatic 
temperature control. The quench 
tank has built-in oil heating and 


gas or electric. 


cooling coils, also with automatic 
temperature control, and, when insu- 
lated, can be used for martempering. 
An _ airdraulic-operated elevator is 
used for quenching, and the oil has 
two-speed propulsion. 

For further information circle No. 139 
on literature request card on p. 32B 


CADMIUM AND ZINC BRIGHT- 
ENERS: Manufacturers, who must 
change their plating specifications 
from critical chromium, nickel and 
copper, can attain brilliant finishes 
with cadmium and zine brighteners, 
according to R. O. Hull & Co., Inc 
Cadmium brightener is available as 
a liquid or powder additive and zinc 
brighteners as liquid additives. 

For further information circle No. 140 
on literature request card on p. 32B 


IMMERSION THERMOCOUPLE: 
Where shop men prefer a thermo 
couple pyrometer to measure steel 
bath temperatures in openhearth o1 
electric furnaces, the new equipment 
just announced by Leeds & Northrup 
Co. offers exceptional operating con- 
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Engineering Digest 


OF NEW PRODUCTS 








venience The equipment consists of 


a platinum -— platinum 10° rhodium 
immersion couple and a Speedomax 
pyrometer with special signaling fea- 


tures. The thermocouple is mounted 


in a refractory-protected tube, sup- 
plied in length from 5 to 12 ft. The 


fused silica protective tip can be 
placed in a few seconds. A reserve 
supply of platinum wires is located ir 
the tube. To replace the element, 
the operator loosens two clamps, pulls 
out wire for a new junction, and re 
places the refractory tip, all without 
disassembling the unit. 

For further information circle No. 141 
on literature request card on p. 32B 


CHROMATE COATING PROCESS: 
Enthone, Inc., have announced a sim- 
plified process for producing chromate 
coatings on zine and cadmium. The 
process is applicable for both zinc 
From 1 
to 2 oz. of salts is used per gallon 


plate and zine die castings. 


of water. The mixture is operated 
at room temperature, and after im 


mersion for a few seconds, an adhe 
ent chromate coating is produced. No 
elaborate controls are necessary. 

For further information circle No. 142 
on literature request card on p. 32B 


TESTING MACHINE: An improved, 


low-cost universal testing machine 


of 12,000-lb. capacity is announced by 


Baldwin-Lima-Hamilton Corp The 





Now —Take 
Advantage 


@ Low cost for fuel and carburizing compound 


An ideal standard, gas, oil or electric, 
carburizing furnace for stock such as 
pins, cams, washers, rockers, rollers, 
bails, bolts, rings and other small 
products that may be slowly tumbled. 

Available in alloy retort sizes of 36’ 
long x 9”, 12” or 18” diameter, and 
48” long x 20” diameter. Get Bulletin 
No. 412R. 


@ Minimum floor space for given output. 
@ Lower labor cost for handling 

®@ No boxes to pock, handle and heat. 

® Controlled uniformity of case depth 


@ Product may be carburized in compound or in gas 


atmosphere. 


We also build batch-type and continuous furnaces and ovens; coil winding machinery ; 
metal cleaning and finishing equipment; burners; butterfly and slide valves. 


W. S. ROCKWELL COMPANY 
FURNACES * OVENS + BURNERS * VALVES * SPECIAL MACHINERY 
204 ELIOT STREET © FAIRFIELD, CONN. 
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new Model 12-H has many of the 


features of larger Baldwin testing 


machines. One is that the hydraulic 
loading unit is separate from the ir 
dicating and control unit, which iso 
lates recoil from breaking test 
specimens and permits adjusting max 
imum or lazy hands with minimum 
drag. Two ranges are provided: The 
12,000-lb. range is graduated in 20 
lb. units on a 16-in. diameter indica 
tor dial and 


}000-lb. range is 


graduated in 5-lb ini Ranges 


other than standard are available 
in any dual combinatio 
For further information circle No. 143 


on literature request card on p. 32B 


FINISHES FOR ZINC: United Chro 
mium has added two new compounds 
for decorative and protective finish 
ing of zinc The new additions are 
used to produce corrosion-resisting, 


chromate-type conversio coating 
that are black or olive drab in color 
These compounds yield lustrous 
finishes that meet the corrosion 

resistance requirements of most speci 
fications for chromate-type conve 

sion coatings on zine The finishe 

are produced on a metal-conserving 
deposit of 0.0002 to 0.0005 in. of zinc 
The process is a simple dipping one 
which can be carried out at room 
temperature. 

For further information circle No. 144 


on literature request card on p. 32B 


BAND SAW: Metal-cutting band saw 
“1220” is the latest 


line manufactured by the Kalamazoo 


addition to the 


Tank and Silo Co t provides accu 


rate producti f 
to 12 x 201 It available tan 
ard or coolant-equipped mod with 
four cutting speeds (61 to 259 ft. per 
min.) 
i-hp. 220/440/60 


stop bar 


Standard equipment includes 
motor and stock 
Dimensions long, 
height to bed 


26 in. wide, 25% ver 
For further information circle No. 145 


on literature request card on p. 32B 


SPRAYWELDER: Th 
Spraywelder of Wall Colmonoy Corp 


is a powder metallizing unit whic 





applies uniform overlays of Colmonoy 
hard facing alloys and then subse 
quently bonds the overlay to the base 
metal New features include lighter 


weight, greater capacity of air filter, 


more positive air and powder control 
valves, new trigger mechanism and 
increased cooling chamber in head 
to insure steadier operation and longet 
tip life 

For further information circle No. 146 
on literature request card on p. 32B 


ELECTRIC FURNACE: A continuous 
electric furnace for heat treating has 
been designed by Bellevue Industrial 


Furnace Co. The conveyor belt i 


heating 
zone With the belt-return enclosed 
in this manner, a minimum of heat 
is lost 
as the quenching agent. 
is 800 Ib. per hr. 


entirely enclosed within the 


Water or oil may be used 
Production 


For further information circle No. 147 
on literature request card on p. 32B 


BRINELL MACHINE: A newly de- 
signed Brinell Hardness Testing Ma- 


chine which 


incorporates a_ throat 


depth of 24 in. is announced by Steel 
Machines, Inc Made 


especially for a leading producer of 


City Testing 


armor plate, this hydraulically oper 


ated unit is also adaptable to the re 


quirements of other manufacturers 
who need a deep-throated hardness 
tester. This model is mounted on 
wheels so that it can be rolled out of 
the way when not in use, 

For further information circle No. 148 
on literature request card on p. 32B 


PLATING: Latest addition to Ward 
Leonard’s line of industrial hard 
chrome plating units is the Model 
A-50 Chromaster. After only 3 min. 
plating time, the average life of cut 


ting tools and wear parts has been 
increased 2 to 10 times with this 
process. The new bench-mounted 
plating unit is compact, self-con- 
tained, and has a capacity for hard 
chrome plating metal surfaces total- 
ing 25 sq.in. at the recommended cur- 
rent density of 2 amp. per sq.in. 

For further information circle No. 149 


on literature request card on p. 32B 


RUNNING-TIME RECORDER: A 
new running-time recorder, just an 
nounced by The Bristol Co., records 
on a chart the operating or “on” time 


of production machinery and othe 


equipment. The chart record gives the 
total “on” time in hours, minutes, and 
seconds for a given period “Time 
off” periods are also shown, as well 
as the time at which they occurred. 

For further information circle No. 150 
on literature request card on p. 32B 





How to Get 


Precision Deburring 
in LESS Time 
with IMPROVED Finish 


typical piece before and ofter borre!l deburring 
Photo courtesy Norton Co 


Removal of many other kinds of burrs besides casting fins, screw machine 
burrs and sharp edges without excessive or undesirable dimensional changes 
on other parts of the work con be speeded and facilitated by the use of 


Magnus Deburring Cleaner ond Magnus 100 


- @ built synthetic detergent 


designed for barrel deburring. Burrs from sawing, drilling, milling and stamp- 
ing operations can be effectively removed by the barrel method, despite very 
tight tolerances on other areas of the work 


Magnus Deburring Cleaner is a fine granular abrasive, used along with 
regular abrasives to speed cutting down action and improve the finish 

Magnus 100 keeps the surfaces of the abrasives clean, and improves their 
action. It also improves subsequent rinsing action and facilitates the settling 


out of abraded material. 


WRITE FOR BULLETIN NO. 44 


On pages 4 and 5 you'll find a mighty interesting discussion of 
borrel deburring which will give you useful and practical ideas 
for deburring economies and increased production 


MAGNUS CHEMICAL CO. * 96 South Ave., Garwood, N. J 


In Canada—Magnus Chemicals, Ltd., Montreal 


Service representatives in principol cities 
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WHY 
HESITATE ? 


It’s easy to switch to 
Molybdenum High 


Speed Steels 


\ 
\_ J It is readily available from 
manufacturers and ware- 
houses. 


a 
\e It makes as good a tool— 
or better—than a tungsten 


type. 
98) 
ew It saves money. 


98) It conserves tungsten for 
uses in which it is really 
needed. 





* ASK YOUR SUPPLIER— 
AND WRITE FOR OUR FREE BOOKLET 


“MOLYBDENUM HIGH SPEED STEELS"’ 


Climax Molybdenum Company 
500 Fifth Avenue 
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What's New 


IN MANUFACTURERS’ 
LITERATURE 





151. Abrasives, Coated 

Supplement III to “A Lecture Course on ( 
Abrasives’ provides a description of coated 
rasives and illustrations of acceptablk 
applications. Also includes all of the 
and war-tested developments in metal grinding and 
finishing. Behr-Manning C¢ 


152. Alkaline Etching 
Compound 
4-page illustrated bulletin on a new type 


alkaline etching compound for all aluminum alloy 
Includes case histories. The Diversey Corp 


153. Alloy Brazing 

Bulletin 54 gives complete story about time 
labor and cost-saving made possible by the Alk 
Replacement formula. Handy & Harman 


- 
154. Alloy Steels 

New 16-page, pocket-size booklet entitled 
pt — Alloy Steels and How to Get the 

Them" contains seven case 

1 widely varied fields to der 

li Republi 
155. Alloys, Nickel 
New technical bulletin T-6 dis 

nickel and its alloys to corro 
alkalies International Ni kel ( 


156. Alloys, Nicke ‘l 


Hastell nickel-base alloy d 
abricating corrosion-resistant screen h r 
baskets so for metal spraying many types o' 
automatic welding and hard-iacing Booklet 
“H astelloy Nickel-Base Alloys’’, gives full details 
Haynes Stellite Ce 


aa : 
157. Aluminum 
Copy of Alcoa Aluminun 
will be sent on request, givin 
ir extrusion proce 
whole range of shapes for engineering 
f Amerwa 


histories selected 
wtrate the versa 
alloy steels 


Aluminum 


- : . . 
158. Aluminum Forgings 

To help you in designing for aluminum forg 
a new book is offered »vering relation of forging 
design to die sinking and relation of forging « design 
to the manutacturing process Also 
metallurgy gives all commercial all 
tions, physical properties and tolerance 
minum ( of Ameria 


- . 
159. Are Welding 

Heliwelding, Airco gas-shielded arc-weld 
ing process tor all-position welding of aluminur 
t agnesium stainless steel, brass and copper is 
1 descr nag n ADC-709 Catalog 9 fur Re 
duction Sale 


160. Belts, Metal 


Bulletin 47P illustrates and describe 
line of wire belts for industry 
Brothers, Iné 


161. Beryllium Copper 

Helptul engineering information cor 
new monthly series of Beryllium copper 
bulletins. Beryllium Corp 


162. Bimetal Elements 
64-page catalog written especi 
design and product engineer selec y 
size of thermostatic bimetal element best suited 


his temperature-responsive device. W. M. Chace ( 


163. Blast C leaning 
Bulletin 219 illustrates w ! 
ne drawings the new rot blast t imn 

airless blast cleaning of casting 


164. Bottom Boards, 


Magnesium 
Complete information and pr 
agnesium bottom boards for r 

juality castings and Id 
trom t in 4 st rd 
Corp 


165. 


a section 


Iver brazing alloy 
leaflet American Platinum Work 


166. Camera, High Speed 
Magnifying Time a new folder describing 

high-speed camera capable of 1000 to 3000 pict 

per second Particularly adaptable for 

inspection in machine tool operations and al« 

measuring flow of liquids as in chemical mixer 

coolant flow, etc. Easiman Kodak ¢ 


167. Castings, Nonferrous 
Armetol, improved impregnant 

illoy luminum bronze ' 

astings, is described 

Daniels-Midland Co. 


168. Castings, Steel 
New bulletin describes Pyrasteel, the 
nickel-silicon alloy for 1 ting oxidatior 
rosion up to 2000°F and for withstanding 
meentrated or dilute commercial acids 
rosive gases. Chicago Sieel Foundry C« 


169. Cast Monel 


New bulletin contains valuable informatio 

neerning production of cast Monel and wick 
range of desirable physical and mechanical pr 
erties obtainable. Cooper Alloy Foundry Ce 
170. Carburizing of Tubing 

4-page bulletin of metallurgical data on carburiz 


ing grades of alloy steel tubing. Babcock & Wil 
Tube ¢ 


71. Centrifugal Castings 
Two new bulletins, 150 and 151, describe the 
of component machine parts 1 
lies produced by centrifugal casting sing 
metals, including bronzes monel, nicke 
as well as Meehanite, Ni-Resist and 
4l iron alloys. Shenango-Penn Mold Cx 


172. Cleaning and Buffing 
Bulletin 44 contains an interest discussior 
barrel deburring, as well as me f reme 
many kinds of burrs from sawing drilling ' 
and stamping operations Magnus Chem 


173. Cleaning and Finishing 
Attractive 12-page, well-illustrated catalog A-65 
the complete stor annis me tr 
ng systems and 
18 ¢ leaning and pi 
large metalworking pla 


174. Coatings, Metal 
planatior t higt 4 


fuct n 


GunGucstion anneal 
catalog 9601 pr 
ailure prot 
é 1 principle” wit! 
ymprehensive data 
Minneap 
1h 


Kort 
177. Copper Alloy Tubes 


extensively i strated 32-page 
» Extension f e C yndenser 
4 corrosion and means 


Coppe rand C opper Alloys 
page booklet B-36 discusse 
pper al 
tabulation , r ti r rrosion 
principal ty soerbene all 
Bra 


179. Cutting Oil 
New bull m “Gulf Elect 
which contains larger percentage 
ngredient, recommended for tou 
bs. Gulf Oil Corp 


180. Detergent C ‘leaners 


182. Elec ‘tron Microscope 
The new table-model RCA electr 
described and illustrated 12-4 

Radio Cort f America 


183. E mulsifie - 


ul 2 
General Aniline & Film ( 


184. Fastener 
4-page folder descr 


mer " el 





185. Finishes 
New 4-page tw lor 
detail the entire I 
ferrous metal 
chemna 
and cadmium plating a: 
Research Products, 11 


186. Forging Steel HEAT-TREATING EQUIPMENT 
Bulletin 31 “Chemical Compositior 


Allied 


Bearing ¢ 


— opitlts:-° 
i ee eck fea . costs 


rd your 4 piosti® 


188. Fu 
Literature d } 


part 


hed i 
Marsha Produ ( 
Furnaces 


... the Ipsenway 


Je and lead hardening 
190. Furnaces 
H duty box rnace 
ribed in bulletins HD-341 
Duty Electric ¢ 
191. Furnaces 
Catalog 110 features + 
Furnaces 
p 1000 "I 
Mayer Cor 
193. Furnaces 
New t le B4P de t 
we zed 
r pot-type De h Oven Ce 
194. Furnaces, Industrial 
6-page ! . & typical t 


ler ce 1 


le 


“ fired i« 
br 


t £ 1 prod 


ent Electr Furr | 
195. Furnaces, Melting 


slog Her 


‘ mer : 7 r “ ( - Photo of Ipsen Unit at George H. Porter 
196 Gas Analy zer Steel Treating Co., Cleveland, Ohio 
we . , 
ca ylg wena wed as. alone @ Here is an easy way to discover how profitably Ipsen 


197. Gears Heat-Treating Units can be applied to your jobs. Just send us 
nt i jing Neloy. spur, bevel, mitt Sykes Herrit samples of your work and specifications. Samples or production 
herve { , 


\ ton . . . . : W, . . 
198. Hardness lots will be run in actual working units e will establish proper 
Pocket . " 


Numbers 
Brin in procedures, record results, and supply you with time and cost 
er. Steel Cily Testing Machines, I» figures. Then you may judge for yourself how the sealed, con- 
199. Heat Control 


trolled-atmosphere principal of Ipsen Heat-Treating Units will 

oe eae. ee a work for you. You'll find the bright, scale-free results you get 

200. Heat Contro! the “Ipsenway”’ protects against rust, reduces rejects, and elimin- 
4-page jer t t 


Scene ates pickling and blasting costs. Write today for more facts. 


2 





201. Heat Treating 

nee clan srg Rane ean . FREE Data Sheets...Write for these free data sheets 

202. Heat Treating Carriers covering Operating and Performance facts on actual in- 
Complete line tandard carburizing ' stallations. 


203. Heat Treating Equipmer 


820 g 


eet cn sia meio ar IPSEN INDUSTRIES, INC. 


{ ( Fur e 2. a@leltl@ealel. | NITS FOR 


Pots CARBURIZING+ HARDENING + BRAZING +» MARTEMPERING 
——" 7153 SOUTH MAIN STREET © ROCKFORD, ILLINOIS 


ng 
118 


204. 


t 
w b 


Heat Treati 
let T-205 t 











WHY 
HESITATE ? 


It’s easy to switch to 
Molybdenum High 
Speed Steels 


a8! It is readily available from 
manufacturers and ware- 
houses. 


~\ 

\Y It makes as good a tool— 
or better—than a tungsten 
type. 


8 


ww It saves money. 


a8) It conserves tungsten for 


uses in which it is really 


needed. 








* ASK YOUR SUPPLIER— 
AND WRITE FOR OUR FREE BOOKLET 


“MOLYBDENUM HIGH SPEED STEELS’ 


Climax Molybdenum Company 


500 Fifth Avenue 
New York City 
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185. 


New 4-page 
detail the entire 
ferrous metals 
process chemicals 


two 


line 


Finishes 
olor 


of Iridite 


includes 





bulletin 


bright he 


finishes 
sectior 




























We at’s a ew 
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— and cadmium _ and other spec 
lied Research Pro Ine IN MANUFAC 
186. cana Steel 
Bulletin 31 “Chemical Composition of Alk 
Steels” furnishes helpful information stainle 
forging problems and includes specific data ¢ 
chemical ym positior f alloy teel Timken 9 
Roller Bearing ( 205. High-Speed Steel 21 
- . n SL-2036 descr s th “ proved 
187. Furnaces sediviodemien hiahapesd cecil. wade ¢ : 
New ilh trated, bulletin SC-152 presents he sbrasive resistant for taps, twist drills P 
treating f{ raft industry. ¢ lathe and planer tools Firth P 
veniently 1% On basic aircraft Stee Carbide Cor 21 
mponent aluminum and ligt ! 
metal a reciprocating engine High. Speed Steel AR 
parts, propeller blades and miscellaneous aluminu | ation on perf heat treat 
ging Surface Combustion Corp ment he 1U i int d t 
, ooklet entitled, “Mol High Speed Steel 
188. Furnaces a naititin 
Literature describing the use of Marshall tubs — > 
seomease Ses mstant and uniform cemnpenntes 207. High- why be Steels 2] 
irnished in types suitable to your neec : ew heshiet Why Desesntia nowes how o 
radial brackets in stationary and compensating m.... hi arb = f P A. gee - pt ~ pr 
type farsh Products ( duc “ ig! distribut I 
189. Furnaces roviding extra toughness and strength. Latrobe 
( ad sais lahle d ' Electric Steel ¢ 
mplete Buzze atalog available de 4“ 
Decses Rign-epeed gus furnaces detigned primarily 208. imme ‘rsion He: ating 2! 
cyanide and lead g. Charles A. H it a eae ; 
190. Furnaces b nd small 1 he : 
Heavy-duty box rnace p 1 fee ve ne d Kem . 
temperatures for hardening production ¢ t e. ¢ " 
dex rere n bulletir 3 c ’ ‘ . 
ee a 209. Induction Heater 2 
Attract page bullet fully ill ated. g : 
191. Furnaces mat 1 detailed specifica 0-k - 
Catalog 110 f eure , @ tre xg duct eater General Electric ¢ 
and ysphe hart C. 1. Haye , . 29 
210. Induc tion Heating - 
ri 
192. Puntos : a 
at 1 4 g g 1 prod { I 
’ 1 bed Desig dM t i I ‘ Ge 
: I ind Heating ' F 
te 4 | g ging ~ Ps f 
Furnaces Ohio Crankshaft ¢ 2 
84P describes eight size K r _ 
1s wel eyorized and t 211. Induction He “ating 
Despatch Oven ( Bulletin 1440 furnishe ill deta t \ 
Renee "eS, Industrial Checklite tem for safety control through tt 
le be , >. 
i 
- ~ ne. card H 
rizing and b 
Furnace ( La 
omnes 
Furnaces, Melting 2. Con 2: 
Catalog Her t gantr 
rnace wit t ted c x 
d : 1 ke 
immer ef 
t 1 2 i nding 
196. Gas Analyzer o : ; 7 2: 
Furtl i ' 1 09-1240 ar " led n 
rew packaged ga er M 
ed to deters xR x 
d hydroge met National Research ( 214. tron, High Chromium I 
197. Gears New . “Abra Resistant High- os 
in 1 ding Neloy. spur, be Sykes H = ‘e senkeaaian he ~ . hen 
bone, available in bulletin No. 9, sent juest Metre f —~ . ; 
National Erie Cor fe » ‘ 


198. Hardness Numbers 
vba smbaoy n ome Seven @ If mailed from countries out 
pect amount of postage stamps mu 


























Heat I 

1 t kle ( 
omy ‘ 1 ( ie Ser 
200. Heat Control 

$-page folder describes new Pyrotac 
protection agair temperatur larmiage { K 
device utilizes p i pyrometer pe 
201. He: at t Treating 
brick yokes na. af soins 1 rburi i e 
ga al iis BUSINESS REPL 
202. Heat Treating Carriers No Postage Stamp Necessary If Mailed 

Complete ne of standar purizing 

r and quenching to finishing 4c POSTAGE WILL BE 
203. _~ “at Tre: ating 5 Equipme nt 

lletin 820 give “ 

Te METAL PROC 
ng equips om. Ameican Ge "Furs eC 
204. Heat Treating Pots 7301 Ec 
o ‘Thermallo heat tr st Bad gown wet CLE\ 
und ro-A Di ; 








*ACTURERS’ LITERATURE 








215. Magnesium Die Castings 
a ' > 


I ing book, “How Magnesium Pays”, give 
e studie # the economical use a magn 
n a wide range of product Dow Chemical ( 
216. Metal Analysis 
srochur “s the 





New | describes speratior th 
ARL. Prov Contr meter which fur 
ex dire ling. per rds of quar 
tat pe mi . s extra copies 
and atel ly 1) 1 ele 
ent measured ane s © Re 
earch Lat 
217. Metal Coating 
Bulletin entitled “How To Obtain A Grade I 
t 0 Stee he f fetail ’ pecia 
aoe esate ce tee dana Naramncnatines By 28re 
JAN-C-490 American Chemical Paint ¢ 


- Metal-Forming your present 


Lubrication 





Ne yulleti 426-1 fe b ‘ Noida 
phit Ive ir br w 
e —— ; r pony " ALUMINUM FINISHING PROCESS 
" w ZeT p to 5000°1 icheson Colloids Cor 
219. Metallograph 
1 2-page atal bes t 


* 
7a slog deser pletely new 
me Com-ty mt - . re — Wi ese a van a es 0 
imerican Optical ¢ 


/ 
220. Metallography R 
New research Metallograph. described in catalog 
t to) he r different rate ge = 0a 
€ ple for plete ide ficat with bright 
held fark ftreld r rized ght Bausch 


Lomb Optical ( 
221. Metal-Treating Ammonia 
i available o Amr lat ! 








Se ne ee taeda —see for yourself why more and more finishers of 
ee. aluminum products are specifying Iridite Al-Coat for any 
222, Microcasting wrought, cast or buffed aluminum part. 
ee oie aaeaes te 1. IN PROCESSING 
a ote oy ema anata ee carne eran Faster—Just one simple dip, 10 seconds or only two minutes, de- 
223. Motors and Generators i Lr wy on your finishing specifications. No sealing dip, no 
xtensive facilities and line star qenesates Simpler—Noo-electrolytic, no heating or exhaust units, operates at 
ee eee room temperature. No special precleaning baths required. 

224. Nickel Silver 2. IN APPEARANCE 

ee ee cadena aad aaa Clear—Protects metal without changing its original appearance. 
ee ee Colored—Heavier, iridescent yellow film provides greater protection. 
225. Oil Quenching 3. IN PERFORMANCE 

Spec. Biiades yl. tebe ance wee pmemcgen Corrosion Resistance—Up to 1,000 hours salt spray on wrought stock, 

Bell & Gossett ¢ 250 hours on castings. Approved under government specifications. 
Abrasion Resistance —W ill not flake or peel from buffing, bending 
s outside the United States, proper Se 
s must be affixed for be card Paint Base—Blocks underfilm corrosion; grips paint, holds it firmly. 
sa kaxince alee tion: W elding—Finished surface can be spot welded, coating actually aids 
shie arc welding. 
a Conductivity—Offers low surface resistance to electrical current. 
FIRST CLASS 4. IN COST 
PERMIT Ne. 1595 Comparative figures show that Iridite Al-Coat saves as much ’ 
(Sec. 34.9 P.L. aR.) as 50% over other aluminum finishing processes. Let us 
Cleveland, Obie | prove this to you. 
Write today for FREE SAMPLES of iridite Al-Coat. Or, send samples 
of your product for test processing. 


Ividite is approved under government specifications. 


Aico Research Propucts 
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Mailed In the United States 
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01 Euclid Avenue 
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What’s New 


IN MANUFAC 








§.-° 226, Parts, Baskets 2 

purt Costs 227, Photomicrography | 

your d Biss 208. Pletiag Gencsehers : 
gore n : 


Colum I ( 


limi? & a the Ipsenway 229, Polishing and Buffing 


r 8 Cinteiins MENA chnmeaticis WAGE: aan Ged cheat . 
t picelin® wie ane eens | 


Ww 


Stra ‘ 
P. 2 1 Buffing Ma 
" P } rm K 


ind buffing job lcome Mfg. ¢ . ( 








230. Potentiometers 2 
D . ermmne trol on per tur , 
$27 } ro « ‘ 
231. Power Bending Brakes p 
2 
wing te riet bending ope 
¢ Arum Me. ¢ I 
232. Press Forging 
Bullet Ty ' ‘ 
en eer” wae Sees 
233. Quenching 
Ps perat end t t “120 1 
cer 9 
234. Quenching Oil 
$50°F. "Park Chemin 
235. Reclaiming Process 2 
Photo of Ipsen Unit at George H. Porter I et 330-D p plet lat 
Steel Treating Co., Cleveland, Ohio Enge 1 R g Proce wing 
@ Here is an easy way to discover how profitably Ipsen - ' _ ; ; 
236. ecorder 2 
Heat-Treating Units can be applied to your jobs. Just send us (-page tw MPC-1 
samples of your work and specifications. Samples or production oh 
a ( 
lots will be run in actual working units. We will establish proper 
procedures, record results, and supply you with time and cost [: If mailed from countries outside t 
figures. Then you may judge for yourself how the sealed, con- amount of postage stamps must be 
trolled-atmosphere principal of Ipsen Heat-Treating Units will 
P —— “ $ METAL PROGRESS 
work for you. You'll find the bright, scale-free results you get 7301 Euclid Avenue, Cleveland 3, Ohio 
the ‘‘Ipsenway”’ protects against rust, reduces rejects, and elimin- 





ates pickling and blasting costs. Write today for more facts. August, 1951 Please have literatu 





135 158 181 204 9227 9250 Name 


FREE Data Sheets...Write for these free data sheets 
covering Operating and Performance facts on actual in- 
stallations. 


139 162 185 208 231 254 Company 


143 166 189 212 935 958 Products Manufacts 








60 
146 169 192 215 238 261 Address 


148 #4171 194 217 240 2 
IPSEN INDUSTRIES, INC. 149 178 195 218 341 8541 City ond State 
PRODUCTION UNITS FOR 151 174 197 220 243 266 


CARBURIZING +: HARDENING « BRAZING - MARTEMPERING 132 173 198 381 244 967 


715 SOUTH MAIN STREET © ROCKFORD, ILLINOIS 135 78 for a4 4] P 
156 179 902 995 948 ‘ostcard must be m 
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237. Re frac tories 





t t t led Re 
‘ li isses latest lat tr 
t u and heat-re n 
Di Universal Atl Cement ( 


238. Refractories 
40-page booklet Super Refractorie 
Fu s rex 


Treatment 





pecific types of turnace Carborundum Ce 


239. Refractory 
Form 1409 describes the ew Nort 
Stabilized Zircor 


1. ideal refractor 

















gs et ng lation 
firing Tita and er « 
n { 
240. Rive ts and Tools 
New 8-paxe ‘ catalog C51 
at ' t » sil mat 
ations C} i ts and 
Cherr Rivet ( 
24l. Salt Baths 
! al data ' € i bl \e 
1 BA " hi xtur r ar ur ' 
z t i tg@ar tT d 
‘ nd pr de ew 
probler fecarb American ( 
mi ( 
242 alt Baths 
; z tin et ed “Houg I 
i ; idvantage 
g P ealing dening 
g. and g. A 
ge t gdata. E.F. Hou 
243. Saws 
we 49 de be plete 
g saws ering 35 els in ter 
pe ling fast, automatic productior 
hydr hack-caws and wid { 
A irmstrone-Blum Mf ( 


244. Shear Selector 
Ne all i ele 
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lout g ed I 
ken neerin ( * 
246. Solder 
36-page educational br ire prope 
d ldet Pr t 
ASTM, SAE, Federal and 
i mer n Smeltin & Refining ( 
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247. Specimen Mount Press 
New bulletin describing AB Speed Press. Fea 

tures include use of preheated premolds 

closing and universal application for ther 
r thermoplastic materials in 3 sizes 


248. Spectrophotometer 

Bulletin B-211 illustrates junior-size spectro 
photometer for identifying and measuring solutior 
onstituents in analytical or productior 
tori Harshaw Chemical Co 


249. Stainless Steel Hardening 

16-page illustrated booklet giving test result 
and showing advantages and applications of stai 
less steel parts harde by the Scottsonizir 
process. C. U. Scott & Son, In 


_rapid 





labora 








Z 


250. Stampings 

Attractive 26-page booklet contains re print 
paper on “How Modern Stamping Techniques ( 
Help Conversion Many 
provide a better understan 
stampings, showing convers ich have 
been redesigned to customer advantage Leake 


Stamping Co. 
Alloy 


emerges orm rte = — 





251. Steel, 


Booklet on Carilloy steel tells how N 4150 
and others provide toughness, strength and light 
weight durability under trying ditions 
eT VICE l s.S c 





Steel, Brake Die 


For full information on top quality br 















t ake dic 
steel. engineered tx e long 
ervice, write for folde Steel ¢ 
253. Steel Selector 

Handy, clearly printed, easy-to-use tool ster 
elec will be furnished on request Crucible 
of America 
Steels, Low Alloy 
You can have one-third more production throug 
of Hi-Steel, which has nearly twice the 
strength of ordinary steel plu the 
» stand up under impact loads. Send for 


Inland Steel Ce 

f Steels, Stainless 

Weekly lists with analyses of all plates in stock 

ll keep you segments informed on latest data 
In 





G&. ©. Carlson 


256. Temperature Controls 
Information available on Electromax controller 
providing three control actions 





















including t 
adjusting type and duration-adjusting t and 
if or two position for more simple “sat 
All three types can be applied to electric, steam « 
tuel heating. Leeds & Northrup ( 
oro +" . . ° 
257. Tempilstiks 
Basic Guide to Ferrous Metallurgy”. a pla 
lami 5% wall chart in color, furnished ot it 
S. Gordon Co. 
258. Thermocouples 
Catalog H gives complete ¢ iption 
uuiples designed for special la 
ment Thermo Electric ¢ 
or 
259. Tool Ste Is 
New data on Ryerson VD steel and Ry-All 
ells how to buy the proper tool steel with safe 
and confidenct Je 7 Ryerson & Son, In 


260. Tool Steels 

New booklet How to Get Better Tool and Die 
tormance furnishes full de iptior the 
ched set method for select ing the right t 









for trouble-iree productiot Carpenter 
Ce 
- Tool Steels 
Information on Warplis products, stock € 
1 price folders will be sent on reque slong 
wit! r ot nearest distributor Pt urgh 





Tool Steel Wire Co 


262. Welding Electrodes 

Arc Welding Stainless Steel Without ¢ 
bium” title of a new booklet giving plete 
details on Arcaloy 308 ELC and 316 E Lt 
welding stainless types 321 and 316 without appre 


ciable carbide precipitation Alloy Rods Ce 
263. Welding, Scrap 
Information available on oxygen-cutting and 
powder-cutting with Oxweld equipment to rapid! 
nvert any steel or cast iron section into good 


ible scrap. Linde Air Products ¢ 
264. Wire Cloth, Brass and 
Copper 
Free booklet lists mesh, diameter of wir 


ent of open area, weight and other impor 
d 1 wire cloth in bra and 
CA 





265. Vacuum Pumps 
New 6-page booklet gives cor rectior 
setting up and operating T VSD hig 
acuum pumps, along with illustrated listing 


repair parts. Ainney Mfg. Co 


266. V apor Degreasing 
Pat n philet 








m properties and use of trichloret! 
le as a solvent for vapor degreasing 
mast Niagara Alkali Ce 
1° - 
267. Textured Metal 

8-page folder of application data on sheet metal 
having high flexural rigidity through textured 
pattern which increases section thickness with ot 
slight increase in weight Rigidised Metals Cort 


E NATION'S EXCLUSIVE BUILDER 


OF 


STORCYCLES HAS AGAIN CHOSEN DES- 


‘TCH EQUIPMENT... 


Most recent DES- 


KTCH installation is this gas-fired, forced 
avection air heated type, double-end 


‘nace for annealing motorcycle frames, 


tks, handlebars, brake shells, etc. 


Only steel is handled by the furnace and 


cording to the foreman in charge, 


the 


rcentage of production increase over the 
4 furnace is 60%. Time saving has been 


ttered some 60% also, 


because of the 


ort heat-up period of 20 minutes as com- 


red to an hour with the old furnace. 


An- 


her time-saving feature is the fact that the 


emace can be loaded from either end. 


Better quality to meet the firm's rigid 


quirements has been achiev ed due to the 


curate temperature control and heat uni- 


emity the furnace provides. It is equipped 


th electrical and safety controls, and the 


rect gas-fired heater 
ing 1,300,000 BTU’s per hour. 


CALL ON DESPATCH 


DESPATCH furnaces are engineered 
to fit any industry, any heat applice- 
tion. Write to Dept. P for more in- 
formation. 








s Office: 
Bth St. 


Chicago Office: 
4554 Broadway 


AUGUST 1951; 


is capable of pro- 


cal 


| 


— 


PAGE 33 





ae. dus 
4 247. Specimen Mount Press 

New bulletin describing AB Speed Press a 

tures include wu { preheated premok “Dic 
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IN MANUFACTURERS’ LITERATURE 246. Dpectrophotometer 


Bulletin B-211 illustrates jur 
photometer r ifving anc 
" cal 
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3 size Buehler L 








tore 4 na Chem 1 t 

249. Stainless Ste 
Parts, Baskets 237. Refractories 16-page illustrated b 
x 1 t t 1 lual need t Re ed bulletin entitled nite efractor ind showing advantage 


wok le 


Stanwood Cor Universal ; oe “i 
“ pie : 250. Stampings 
Photomicrography : Refractories Attractive 26-page book 
, Sette: at se Sie Shiai Weilnaabiets Hie Miss per on “How Moders 
- - an nt = ‘ - : lelp ¢ ersior 


orundum ( 


ie . Refractory 
Plating Generators rm 1409 describes the a rt ” pi 

MP-700 describes M-G set for elect Stabilized Zit efractor r turna 4 Alloy 

: u ng. or electrop . tal fF the ilatior t ok le Carill te 

rs pr de toughne 

; =e durabilit nder 

Polishing and Buffing Rivets and Tools ervice. U, S. Steal ¢ 
t 1 “Acme Straightline Automat _New 8page. fully illustrated cata $1 list 252. Steel, Brake Die 
Rivet ¢ . _ 
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© If mailed from countries outside the United States, proper seice faites * “be 
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Name Title 


Company data. on jadentttel wine © 


Chase Bra oS ¢ od 
Products Manufactured 265. Vacuum Pumps x 
266. Vapor Degreasing 
City and State Mago pred why anagem mag! 
part Niagara Alkali ¢ 
267. Textured Metal 
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Address 
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Harley-Davidson meets 
higher production schedules 


DESPATCH 


New, Double-end ANNEALING FURNACE 
Boosts Production 60% over old Methods 


FOLLOWING ARE MOTORCYCLE APPLICA- 
TIONS EMPLOYING THE NEW DESPATCH 
FURNACE 

e Frames* 850°, 1% hr., #1035 steel. 

e Safety Guards, 750°, 1 hr., #C1026 steel. 

e Brake Shells, 725°,"1 hr., #1010 carburized. 
« Connecting Rods, 400°, 2 hrs., #1045 steel. 
e Hub Shells, 400°, % hr., #1010 steel. 


* The picture shows a load of motorcycle frames being 
pushed into the furnace for stress relieving; 15 per load, 
5 loads per day 








THE NATION’S EXCLUSIVE BUILDER OF 
MOTORCYCLES HAS AGAIN CHOSEN DES- 
PATCH EQUIPMENT... Most recent DES- 
PATCH installation is this gas-fired, forced 
type, double-end 
furnace for annealing motorcycle frames, 
forks, handlebars, brake shells, etc. 

Only steel is handled by the furnace and 


convection air heated 


according to the foreman in charge, the 
percentage of production increase over the 
old furnace is 60%. Time saving has been 
bettered some 60% also, because of the 
short heat-up period of 20 minutes as com- 
pared to an hour with the old furnace. An- 
other time-saving feature is the fact that the 
furnace can be loaded from either end. 

Better quality to meet the firm's rigid 
requirements has been achieved due to the 
accurate temperature control and heat uni- 
formity the furnace provides. It is equipped 
with electrical and safety controls, and the 
direct gas-fired heater is capable of pro- 
ducing 1,300,000 BTU'’s per hour. 





CALL ON DESPATCH 


DESPATCH furnaces are engineered 
to fit any industry, any heat applica- 
tion. Write to Dept. P for more in- 
formation. 








—s 
‘ a\3 = 
, 


NN 
2» . 


DESPATCH 


Minneapolis Office: 
619 S. E. 8th St. 


Chicago Office: 
4554 Broadway 
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Fabricating 
brass or copper 
alloys? 


If you're working with brass or cop- 
per alloys or if you anticipate 
detense orders involving these 
metals... you'll want to get the new 
Chase book on Commercially Im 
portant Wrought Copper Alloys 


This book brings you helpful 
suggestions for selecting a copper 
alloy to meet any particular physical 
or fabrication specification or an 
alloy with a combination of desir- 
able properties, such as high 


conductivity and free-cutting. 


It contains 124 pages of data 
about the more common and useful 
wrought copper alloys including 

* brass and copper terminology 

+ suggestions for selection and use 

forms available and typical uses 
weights * tolerances 


physical and fabricating properties 


(Chase Pp: BRASS & COPPER TO GET THIS BOOK 


WATERBURY 20, CONNECTICUT » SUBSIDIARY OF KENNECOTT COPPER CORPORATION Because of the expense in mak- 


ing this book, we must limit 
© The Nation's Headquarters for Brass & Copper 


its distribution to those directly 
Albany t Cieveiand Kansas City, Mo. New York San Francisco f 1 
. se? t t 
tients Dallas tes hades Philadelphia Seattle AS ] concerned with the fabricating 
Baltimore Oenvert M bwaukee Pittsburgh Waterbury / of metals. Please send your re- 
Beston Detroit M nneapolis Providence 
P est on firm letterhead, givin 

Chicago Houstont Newark Rochester? T sales + 98 4 qu 9 g 


Cinconnat ndlanagsiis New Orieans St. Lowis office only » 3 your position or title 
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“EDCO Dowmetal 
BOTTOM BOARDS 


have resulted in 
tremendous savine 
for our foundry’ 


... says M. C. Crawford of 
RILEY STOKER CORPORATION 


wv, 


1ON 
RiLteyY STOKER conve 


FUEL BURHINE ros wasnee svete 


eo ee 


ation 
reper K Ave. 


Christiansen. Pres. 
Ch 


3 ' easy to 
cat u hag purnine 
nased 1.7 

e purcnased, bor r ‘toss 
~ 36 or « 

save repeats in 

dry. It ie 

ether foundarie 


uly 


. eaeene CORPORAT 


WC ctor of . 
Detroit Plant 


—~ 


Progressive foundry operators, like Riley 
Stoker Corporation, are equipping their 
foundries with EDCO DOWMETAL Bottom 
Boards 

Made of magnesium, these boards will not 
warp or break. There are no nails to come 
out, nothing to break or split—no upkeep! 
So durable, they can be considered permanent 
equipment. The many advantages from the 
use of these boards are effective immediately 
on their installation. 

Write us or phone CApitol 7-2060 today 
for complete price schedule and list of 74 
standard sizes available from stock. 





Above photo shows molder at Riley Stoker Corporation 
placing EDCO Bottom Boord on flask preparatory to press 
ing. EDCO DOWMETAL magnesium boords maintain high 
quality of castings and reduce rejects because the exclusive 
grooved and vented design permits escope of gosses and 
insures mold stobility 


CHRISTIANSEN CORPORATION 


1519 N. KILPATRICK AVE. «+ CHICAGO 51, ILLINOIS 


ALUMINUM ALLOY 


INGOTS e ZINC BASE DIE CASTING ALLOYS 
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Ore you taking full advantage of the constantly growing range of forgings? 
Typical is this aluminum alloy forging with a projected area of more than | ,000 
square inches used in the wing structure of a modern military bomber. Such 
forgings are today made possible by the use of the largest die forging press in 
America (18,000 tons). For hammer or press die forgings of aluminum, mag- 
nesium or steel, Wyman-Gordon engineers are ready to serve you—there is 


no substitute for Wyman-Gordon experience. 


Standard of the Industry for Wore “Than Sixty Years 


WYMAN: GORDON 


FORGINGS OF ALUMINUM * MAGNESIUM © STEEL 
WORCESTER, MASSACHUSETTS 
HARVEY, ILLINOIS DETROIT, MICHIGAN 


CRON CLCAONOCLOLOLONGD TAG NaN 
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The Alloys Cupboard isn’t bare 
s*e YET 


... even though current restrictions curtail the production of some 
of the alloy steels you may have been using. 

Fortunately, you'll still find many good, useful Republic Alloy Steels 
being produced . . . alloy steels that will serve most purposes almost 
as well as those that are victims of the defense movement. 





Your problem of selecting the best available alloy steel and putting 
it to work on your production line will be a lot easier with the 
help of the team from Republic . . . the Republic Field, Laboratory, 
and Mill Metallurgists. 

In all probability, there is an available alloy steel which will be 
suitable for your production. A Republic Metallurgist will gladly 
work with your staff to determine which one is best and how to 
process it most efficiently. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 
GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 

+»-combines the exten- 

sive experience and co- 
ordinated abilities of 
Republic's Field, Mill 
and Laboratory Metal- 
lurgists with the knowl- 
edge and skills of your 
own engineers. It has 
helped guide users of 
Alloy Steels in count- 
less industries to the cor- 


rect steel and its most 
efficient usage, IT CAN 
DO THE SAME FOR YOU, 


Other Republic Products include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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29% Lower Base Price 
1% More Tools per Pound (lower spec. grav.) 


Tougher than standard 18-4-1 ss 
Class B High Speed TWIST D 





— 
— a 


E Soe 


Lower Hardening Heats REAMERS, 


—. 


RILLS, 
. . ea a as 
Very good abrasion resistance —=S— 


Lower power consumption nie 


Reduced wear on salt bath equipment a 
MILLING CUTTERS, 


AAI. 





Star-Mo (M2) turns the necessary substitution requirements of NPA > 


to big advantages for High Speed steel users. 


Firth Sterling’s Star-Mo (M2) is tougher than the 
standard 18-4-1 Class B High Speed when it is in the 
heat treated condition. Star-Mo (M2) also has an 


abrasion resisting quality approximately equal to the 
standard Class B 18-4-1 steel. 


Bu FORGET 
iT FORGET : 
OAR Write for Bull J oD pe D CHASERS 
r rite tor Bulletin , : 2 
saa SL-2036 > ’ : ! THREA 7 
LATHE and 
PLANER TOOLS 





wst 





Offices’ and Warehouses: HARTFORD, NEW YORK 
PHILADELPHIA *, PITTSBURGH’, CLEVELAND, DAYTON® 
DETROIT, CHICAGO, BIRMINGHAM’, LOS ANGELES 


R-243 





WHERE 
PRODUCTION 
RECORDS 
ARE MADE... 


the wheelco 


Here’s the Central Manufacturing District of 
Chica where more than 360 industries, con 
centrated in less than 12 square miles, manu- 
facture thousands of different products. Yes 
here where production records are made and 

pt—the Wheelco Capacilog is invaluable for 
measuring, indicating, controlling and record- 
ing electrically measurable variables. 


Ss the Wheelco Capacilog, a deflection 
type strip chart recorder that gives you accu- 
racy to “% of 1% of total scale—suppressed 


scales with a built in reference point—Thermo- 


couple Bre Protection that completely elim 


recorder 


Capacilogs are built 


inates “residual error” 
for use with thermoc ouples and resistance ther 
mometer measuring elements; as single or multi- 
point recorders, and with six different control 
combinations including pneumatic and electric 


proportioning types 


Assembly line production and simplicity of construction 
make it possible to deliver most models within 20 days. 


When you specify Wheelco you 
specify Instrumentolity —Wheelco's ability to design 
ond build efficient and economical instruments to 
fulfill your needs for accurote and dependoble 
control ond recording. 


Wheelco Instruments Company, 835 W. Harrison Street, Chicago 7, Illinois 


ii heelco 6\}) electronic contrals 
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Foxboro-equipped automatic con- 
trolled-atmosphere carburizing fur- 
nace and quenching tank at Crouse 
Hinds Company, manufacturers of 
electrical products, Syracuse, N. Y. 


These Foxboro M-4000 Potentiometer 
Controllers automatically and reli- 
ably hold carburizing temperatures 
within +2.5°F. at Crouse-Hinds. 


through Foxboro M-4000 
Temperature control 
on carburizing furnace 


By replacing a manually-operated salt-bath car- 
burizing process with a modern, completely auto- 
matic installation, a leading manufacturer of 
electrical products has importantly improved 
quality and lowered costs. 

Eighteen months ago, The Crouse-Hinds Com- 
pany of Syracuse, N. Y. installed an automatic, 
controlled-atmosphere furnace and quenching 
system equipped with two Foxboro Potentiometer 
Controllers (installed with Crouse-Hinds | fit- 
tings). Mr. E. G. White, Plant Engineer, states 
that these dependable automatic controllers have 
maintained constant, accurate carburizing tem- 
perature within +2.5°F ... fully meeting the 


OX BOR 


REG. U.S. PAT. OFF 


Yield Point 
Raised without 
Embrittlement 


exacting product requirements for increased yield 
point without embrittlement. In addition, the sav- 
ings in fuel and operators’ time have materially 
reduced costs! 

Foxboro Model 4000 Potentiometer Controllers 
are giving similar outstanding performance to- 
day, in nearly every other type of heat-treating 
process also. Their simple, rugged design and 
high sustained accuracy make them uniquely de- 
pendable and practically maintenance-free. 

Investigate the advantages of these controllers 
for your temperature jobs. Write for detailed 
information. The Foxboro Company, 528 Nepon- 
set Ave., Foxboro, Mass., U.S.A. 


POTENTIOMETER CONTROLLERS 


FACTORIES IN THE UNITED STATES, CANADA AND ENGLAND 
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FABRICATED 


LIFT POST CARBURIZING ASSEMBLY 


The Carburizing Assembly shown above was fabricated 
from Inconel by Rolock for Union Special Machine Co 
Chicago whose Industrial Sewing Machines are used 


throughout the world. 


It consists of a lift post and bottom grid. to which may 
be added, at desired levels, a series of spacers, support- 
ng grids and wire cloth s« reens of vari “dl mesh SIZCS 
thru which steel shafts are vertically inserted for heat 
treatment, followed by direct oil quench in a flush tank 


capacity $00 gallons continuous flow per minute. 


of Extreme Versatility 


Photo shows load of 200 Ibs. in 54 Ib. fixture (ratio 
almost 4 to 1) carburized at 1650 F. (.030 Case ). The 
completely open structure permits uniform quench, no 
shielding, minimum warping (straight within .010” 
Rolock designs, fabricates and welds all types of heat 
treating and finishing equipment for vour specific needs 
for better work, longer service life, lowest hour costs 
Send us your problems... we'll give you sound 


solutions 


Offices in: PHILADELPHIA © CLEVELAND © DETROIT ® HOUSTON ® INDIANAPOLIS * CHICAGO ® ST. LOUIS * LOS ANGELES *© MINNEAPOLIS 


ROLOCK INC. °* 


1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


ee ee | 
for better work ed 


Easier Operation, Lower Cost 
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HIGH SPEED FORGING MAXIPRESSES are making an ever-growing percentage 
of the world’s forgings. Their advantages over old-fashioned equipment include: 

1. Low operator skill requirement 

2. High production and die life 

3. Low installation and maintenance costs 

1. Quiet operation and freedom from vibration 
MAXIPRESSES have won acceptance as the preferred high speed forging presses 
for these reasons: 

1. Rigidity of construction 

2. Reliability in operation 

3. National’s leadership in engineering applications 

1. National’s dependable service performance 


The new MAXIPRES brings to industry 23 distinctly new forging press features 
.. establishing new high standards of forging press performance! Among these 
new features are: 


BRAKE: The old band-type brake has been replaced by a completely new water- 
cooled diaphragm dise brake. Provides extremely accurate stopping with negli- 
gible maintenance. 


ECCENTRIC: Much greater in diameter and width. Bearing area and overall 
shaft strength now 30% greater. 

CLUTCH: New trouble-free clutch with increased ruggedness and ability, fewer 
parts and indestructible driving keys. 

TONNAGE INDICATOR: Takes guesswork out of estimating forging loads. Dial 
reads directly in tons, immediately indicating overload. Device prolongs life of press, 
reduces maintenance, speeds set up, rates jobs for the correct size MAXIPRES, 
and permits forging to closer tolerances. 

Additional particularly significant advancements have been engineered into the 
bedframe, pitman, wristpin, main bearings, counterbalance cylinders, air controls 
and wedge construction. The new MAXIPRES, designed for the times, fulfills the 
expanding requirements of the fast-moving forging industry. 


NATIONAL 


MACHINERY COMPANY 


TIFFIN, OHIO. 
; DESIGNERS AND BUILDERS OF MODERN FORGING MACHINES—MAXIPRESSES—COLD HEADERS—AND BOLT, NUT, RIVET, AND WIRE NAIL MACHINERY 


Hartford Detroit Chicago 
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r sizes from 300- to 8,000-TON. 
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You say “It’s Stainless Steel”— 


but the Customer says “It’s Quality!” 


OU have only to say to the average person, 

“This is made of stainless steel’’ and there is 
instant acceptance of the article’s genuine worth 
—more, of its actual superiority. 

People know what stainless steel will do. .. that 
it gives a lifetime of beauty and utility in the face 
of corrosion, heat and wear—that it pays for itself 
many times over. That fact is important to busi- 
nessmen of all descriptions: not only those who 
make and sell kitchen utensils, of which there are 
a number of fine stainless brands now on the mar- 
ket, but also those who are interested in other 
household items or in industrial, architectural or 
transportation equipment of every sort. 

As a natural result, our production of Allegheny 
Metal and other alloy products has multiplied 
time and again over the years. Since the war 


alone, we have spent many millions of dollars to 
increase the supply and are currently spending 
millions more. In a time of national stress, as at 
present, there are other ways in which the ton- 
nage of stainless steel can be made to go farther. 
One is to avoid hoarding, another is to find ways 
to use it better and reduce wastage and spoilage. 
@ Call us in to help! 
: =. * 6 

Complete technical and fabricating data—engi- 
neering help, too—are yours for the asking from 
Allegheny Ludlum, the nation’s leading producer 
of stainless steel in all forms. Branch Offices are 
located in principal cities, coast to coast, and 
Warehouse Stocks of Allegheny Stainless Steel 
are carried by all Joseph T. Ryerson & Son, Inc. 
plants. @ Address Allegheny Ludlum Steel Corpo- 
ration, Oliver Building, Pittsburgh 22, Penna. 


You can make it BETTER with 


Allegheny Metal 
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u-SAL AND THERMO-QUENCH ... two Park labora- 
tory controlled heat-treating salts that make an 
unbeatable team on interrupted quenching operations! 


Nu-Sal, you know, possesses unusually high thermal- 
conductivity. It provides rapid, uniform heating that 
assures consistently good results and its working range 
covers the hardening temperatures of most commonly 
used steels. In addition, you'll find that Park Nu-Sal 
forms an exceptionally fluid austenitizing bath of great 
fluidity and miscibility. 


Thermo-Quench is a more recent Park development 
made especially for interrupted quenching, transfor- 
mation and tempering operations. It has a low melting 
point .... 290°F. ... and it forms an extremely fluid 
bath that provides desirable cooling rates through the 
critical zone. 


For specific application recommendations on these and 
other Park laboratory controlled heat-treating products, 
consult your nearest Park Service Representative or 
send us full particulars direct. 


NEUTRA-GAS PROCESS* 
FOR MAINTAINING NEUTRALITY OF 
CHLORIDE-BASE SALT BATHS! 


: 
: 
; 
) 
; 


@ Latest development of Park's research laboratories is the new Neutra-Gas 

Process ... a simple, efficient, economical method of maintaining absolute neu- / 
trality in chloride-base salt baths. Suitable for use between 1350° and 1950° F., 

the new Process completely eliminates objectionable oxides simply by periodi- 

cally passing small amounts of harmless gas through the molten salt. 

No rectifiers are required ... sludging is eliminated .... and no fresh salt 

additions are needed except to replace drag-out. Further, the Process maintains 

original fluidity of the bath and work leaves as clean as when it entered, Write 

today for our Technical Bulletin No. H-25. Ic cells the whole story. 


CHEMICAL COMPANY 


8074 Militory Ave., Detroit 4, Mich. 


* U.S. PATENT 
#2474680 
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A SILVALOY PLYMETAL SHIM FOR 
SANDWICH BRAZING OF CARBIDE CUT- 
TING TIPS. THE SINGLE SHIM IS CUT, 
FLUXED AND ASSEMBLED IN A QUICK, 
SINGLE, ECONOMICAL OPERATION. 


plymetal preforms cut 
brazing costs more than 40%! o 


Preformed #5031 Silvaloy Plymetal shims helped this manufacturer to double 
production in brazing carbide tips on this cutter .. . for a 40% saving in labor 
costs! With better results than ever before! 

Also, it was necessary formerly to clean the cutters by sandblast and to 
remove excess solder with rubber wheels. The present method, using induction 
heating and #5031 Silvaloy Preformed Plymetal has eliminated the need for 
clean-up procedures and enabled the manufacturer to cut the quantity of braz- 
ing material required by approximately 35%. 

A Silvaloy technical expert may be able to help you cut costs, speed produc- 
tion and improve brazing results in your plant. Call or write today. This useful 
service is offered without charge or obligation. We'll be glad to have you take 
advantage of it. *« * * *& * * &* ke &e ke ke #e & & OF 


SILVALOY SILVER BRAZING ALLOYS ARE SUPPLIED FROM 
STOCK THROUGH A RELIABLE DISTRIBUTOR IN YOUR AREA. 


THE AMERICAN PLATINUM WORKS EDGCOMB STEEL COMPANY STEEL SALES CORPORATION 
NEWARK, N. J. PHILADELPHIA; PA. - CHARLOTTE, N. C. CHICAGO, ILL. - MINNEAPOLIS, Mi 
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OLIVER H. VAN HORN CO., INC. THE HAMILTON STEEL COMPANY LICENSED CANADIAN 
NEW ORLEANS, LOUISIANA CLEVELAND, OHIO BAKER PLATINUM OF C 
FORT WORTH, TEXAS + HOUSTON, TEXAS CINCINNATI, OHIO TORONTO + MONTREAL 
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Amazing Properties 
of New Norton 
Fused Stabilized Zirconia 
Permit Technical Advances 
in Processing 


None other like it! No other re- 
fractory offers such an unusual com- 
bination of properties as new Norton 
Fused Stabilized Zirconia. 

Its resistance to high temperature 
— its low thermal conductivity, de- 
spite its relatively heavy weight—its 
great strength at elevated tempera- 
tures—its resistance to oxidizing and 
reducing atmospheres at high temper- 
atures — its chemical inertness — 
and its amazing electrical resistivity 
all combine to make a refractory 
that promises revolutionary ad- 
vances in the processing field. 


For Metal Melting 


For processing precious metals in 
high frequency induction furnaces, 
Norton Fused Stabilized Zirconia 
crucibles or cement linings are ideal 
because metal does not wet them. 
This means that you can use the 
same furnace interchangeably with- 
out contamination of different al- 
loys. What's more, Fused Stabilized 
Zirconia permits 100% recovery of 
melt from furnace linings. And you 
can depend on it for long life. It is 
unaffected by operating tempera- 


Some of the many refractory shapes made of Norton Fused Stabilized Zirconia are pictured here. 


NORTON COMPANY 
328 New Bond Street, Worcester 6, Mass. 
Gentlemen: 


Please send me without obligation Form 1409 describing Norton Fused 
Stabilized Zirconia. I'm interested in investigating its use for: 


[| Lining Furnaces or Reactors 
(_) Metal Melting 

() Thermal Insulation (Other applications) 
Name 

Title 

Company 

Address 


City 
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Batts for Firing Titanates 
Electric Heater Elements 


tures from 3200° to 3600° F. in 
metal melting furnaces. 

For processing ferrous alloys, too, 
the non-wetting property of Norton 
Fused Stabilized Zirconia permits 
its use in many pouring and melting 
operations, 


For Chemical Processing 

Fused Stabilized Zirconia is first 
choice on operations where excellent 
insulating and refractory properties 
are required, such as burner tunnels 
and furnace linings in combustion 
chambers. It withstands tempera- 
tures as high as 4500° F. In addition 
to its high temperature resistance, 
its low specific heat and low con- 
ductivity make it profitable on 
certain gas synthesis operations. Its 
chemical inertness also makes it 
valuable on certain types of proc- 
essing where this property is im- 
portant. 

For Ceramics 

Fused Stabilized Zirconia is highly 
recommended as setter tile for firing 
ceramic bodies such as barium titan- 
ate dielectrics and _piezoelectrics, 
and some ferro magnetics. It does 
not react with or discolor ware. And 
its long life and thermal shock re- 
sistance make it particularly desir- 
able for lining high temperature 
kilns and for fired shapes and grain 
in insulating all types of furnaces. It 
replaces carbon products in neutral 
and oxidizing atmospheres and is 
preferred for thermal insulation in 
molybdenum and platinum wound 
furnaces. 


Write for further information 


For complete data on further ap- 
plications and detailed description 
of the new Norton Fused Stabilized 
Zirconia, ask your nearby Norton 
representative for Form 1409, or 
send coupon below. 








WNORTONY 








Special REFRACTORIES 


Making better products to make other products better 


Conodion Representative 


A P GREEN FIRE BRICK CO Ltd 


TORONTO, ONTARIO 
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Tool Steel from Ryerson 
Easier to Buy...Safer to Use 


Steel procurement is trouble enough these days without add- 
ing unnecessary steps. That’s one reason why more and more 
metal working shops are ordering tool steel from Ryerson, 
their regular warehouse steel source. This way, one call often 
does the work of two. One order, one invoice covers tool steel 
and other requirements. 

You can safely buy this way because Ryerson tool steel 
stocks meet high standards of quality. Every bar is unmis- 
takably identified by type with full length color marking. 
And with every shipment you get exact instructions on how 
to harden your Ryerson tool steel. 

Hundreds of tons of tool steel are on hand at Ryerson plants, 
ready for quick shipment. Included are oil hardening steel, 
water hardening steel, flat ground stock—all the types de- 
scribed at the right. We suggest that you investigate the per- 
formance on these steels. For in addition to their high quality, 
Ryerson tool steels are economical in price. Call the Ryerson 
plant nearest you. 





CHECK YOUR NEEDS 
AGAINST THESE STEELS 


Vv RY-ALLOY—A special 
analysis, oil hardening tool 
steel. Ry-Alloy machines 
better than most steels of its 
type; attains high hardness 
and deep penetration after 
treatment. Order it in rounds, 
squares and flats from a 
wide size range, all spheroid- 


ized annealed 


v VD TOOL STEEL—A 
water hardening carbon- 
vanadium steel available in 
rounds, flats and squares of 
many sizes. Retains its fine 
grain even when overheated. 


Spheroidized annealed 
Vv VD CHISEL STEEL—A 


water hardening carbon- 
molybdenum steel made es- 
pecially for hand and pneu- 
matic chisels. Hex's and oc- 


tagons only. 

Vv RY-ALLOY GROUND 
FLAT STOCK — Accurately 
ground on all four sides to 
001”. An- 


nealed for easy machining, 


plus or minus 


it may be oil quenched to 
Rockwell C-61 or 


156 sizes. 


Vv RYERSON DRILL ROD 
—A high grade carbon drill 


higher. 


rod made of good quality 
tool steel, finished with ex- 
treme accuracy, and free 


from decarburization 


WRITE for TOOL STEEL DATA 


RYERSON STEEL 


BOSTON °* 
ST.LOUIS « 


CINCINNATI ¢ CLEVELAND 
SAN FRANCISCO 


PHILADELPHIA « 
LOS ANGELES °¢ 


JOSEPH T. RYERSON & SON, INC. 
DETROIT PITTSBURGH . 


STEEL SERVICE PLANTS AT: NEW YORK ®* 
BUFFALO © CHICAGO © MILWAUKEE °¢ 
METAL 
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Increasing Endurance 


pieces, Which is in great 
contrast to the beneficial 
effects on steel. 
Machined, as well as 
machined - and - polished, 


= 7 
of Magnesium Castings test pieces were surface 


by Surface Work 


‘ 

Ri D WORKING the surface of metals to improve 
fatigue strength has been an intriguing subject 
of study for 25 years, and in the last ten, such 
treatments have become a common manufac- 
turing operation among steel users. They have 
extended the life and usefulness of many parts. 
Automobile springs and gears, railroad axles, 
and other steel articles highly stressed by alter- 
nating loads, are shot-peened or surface rolled 
as a common practice. Typical results for peen- 
ing S.A.E. 1020 steel are quoted by H. F. Moore 
which show that shot peening increased the life 
of test specimens in reversed bending by as 
much as 100-fold for stress levels above 37,000 
psi. Increase in the allowable working stress, 
due to the shot peening, was found to be of the 
order of 33 

Until recently such strength- 


for the steel studied. 


ening treatments have not been 
light 
metals to any significant extent. 


practiced successfully on 
A possible exception to this may 
be the experience of George Sachs 
who applied a surface-rolling 
treatment to the hubs of magnesium propellers 
1930's. According to his 
Vetals and Alloys for January 
1939, a cluster of three small rolls with 


in Germany in the 
description in 
J.-in. 
working faces were forced against the rotating 
part at a pressure of about 150 Ib. It appears 
that Sachs partially counteracted erosion and 
high stress concentration effects in the propellet 
hubs and, thereby, improved the fatigue life of 
the hubs 80 to 200 
Other with magnesium has 
included shot-peening treatments of the type 


experience 


used for steel in a collaborative project between 
J. O. Almen of General Motors Corp. and The 
Dow Chemical Co.* Treated test pieces were 
tested in rotating-beam fatigue machines. The 
results are shown in Fig. 1. In these experi- 
ments the peened test pieces have fatigue 


strengths as much as 60% below the polished 


By George H. Found 
Manager 
Technical Service and Development 
Magnesium Division 
Dow Chemical Co., Midland, Mich. 


rolled in the General 
Motors 


tested in the Dow labora- 


laboratories and 


tories. These showed that 
fatigue properties of the 
machined, polished, and 
rolled pieces were 10 to 
1d higher than for the 
polished 
rolling the machined 
results practically identical to 
machined and polished surfaces. 


machined and Surface- 


specimens. 
unpolished) pieces gave 
those from 

From the foregoing experiments, it is 
evident that magnesium does not respond to 
conventional shot peening in the same way as 
steel. Consequently efforts were made to deter- 
mine why, and to evolve treatments suitable for 
magnesium. These have been described very 
briefly in an article by the present author in 
Vetal Progress for December 1949, p. 838 

Theory There are three conceivable ways 
by which mechanical surface treatments can 
improve fatigue properties, acting singly or in 
combination. One is by inducing residual 
compressive stresses which 
counteract the’ tensile 
stresses applied in service, 
thereby lowering the net 
stress in the vulnerable 
surface regions. The second 
is by favorably altering 
the surface layers so that 
sources of stress concentration on and near the 
The third is 
and thereby strengthening) 
the cold worked surface layers. 


surface are rendered less effective. 
by work hardening 


Irrespective of the relative importance of 
each of these factors, there are certain require- 
ments in the metallographic structure that must 
be met if the fatigue properties of magnesium 
are to be improved: The surface layers must be 
free of incipient cracks and flaws; they must be 
continuous, metallurgically, without intersecting 
porosity or other voids. 

\ photomicrograph is shown in Fig. 2, nor- 
mal to the surface of a cast magnesium test 
piece which was shot-peened according to steel 

*R. L. Mattson and J. O. Almen, “Effect of Shot 
Peening on the Physical Properties of Steel”, Final 
Report, Part Il, O.S.R.D. No, 4820, National Defense 
Committee of O.S.R.D., War Metallurgy Division, 1945 
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Machined and Polished 


Conventional! 
Shot Peening 


O00 Psi 


Stress, 
Y@woOO 


As -Cast 
Surface 








w oc 
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4 
O 10° 10” 
Cycles of Reversed Stress 


5 


rests in BR. R. Moore 
Alloy Test 
Conditions. 


Fig. 1 Fatigue 
Cast C-T4 Magnesium 
Different Surface 
Almen.) Plotted points are for 
mens only. Peening conditions 
height, 0.018-in. shot. Nominal 
alloy is 9° Al, 2 Zn, 0.1% 


Machine of 
rhree 


and 


Pieces in 
(Mattson 
peened speci 
O.011-in. are 
composition of 
Mn, balance Mg 


Fig. 2 (below) 
Surface at 6 x, Shot 
only 0.003 to 


that is, 
high-velocity, small-diam- 
shot. The depth of 
visible surface working is 
0.0038 in. 
hibits 


surface cracking and spall- 


practice with 
lave! 


eter 


The surface ex- 
irregular contours, 


ing. Figure 2 also shows 
the pock-marked or pitted 
condition. The surface has 
deteriorated instead of 
the 


been 


strengthened; surface 


layers have over- 


worked or deformed be- 
yond their ability to absorb 
energy as 
the 


ures), 


evidenced by 
fail- 
and vet the amount 

the 
indi- 


local incipient 


of energy applied to 
small, as 
the 


face working. 


surface is 


cated by shallow sur- 


observations and 


tests plotted in Fig. 1, it 


From these the fatigue 


concluded that 
beneficial treatments must prevent surface dete- 
rioration and yet retain relatively high applied- 
impact or surface-working forces. 


was 


Experiments 
determine if the 
conventional peening treatments could be altered. 

Various kinds of shot were tried, including 
glass and plastic, but without avail. 


were therefore conducted to 


Heating 
the shot and warming the surfaces of the metal 
also gave no success. A practical solution was 
obtained by a technique involving high forces 


but without the high-velocity impacts: Hard- 


ened steel shot, large in diameter, accelerated by 
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Section 
Blasted 
0.005 in 
Nominal composition 


gravity while dropping 24 to 48 ft., were found 
to work the surface layers intensely to depths 
of 0.030 in 


not cracked 


and more. The surface layers were 


The 
and 


Results are shown in Fig. 3 


shot used are over 12 times the diameter 


1600 times the mass of 
The 
cated, vet it is not pitted. 


the shot used for steel. 


basic nature of the cast surface is eradi- 
Plate-bending fatigue tests have been per- 
formed on specimens of the type shown in Fig. 
120 of “@ Metals Handbook” (1948 
Plate-bending fatigue tests show the 
closest correspondence of all the standard lab- 


orators 


se on p. 
Edition 


tests to service results of magnesium 


Results are assembled in Fig. 4 
Various surface finishes for cast H-T4 alloy 


are represented. Peening with large shot 


strengthens the metal to a superior degree. Of 


particular note is the similarity of fatigue curves 


at 50 x, Normal to Cast H-T4 
With 0.016-In. Shot. Intense 
deep, associated with 


of alloy: 6% Al, 3% Zn, 


Alloy Panel, and 
cold worked 
cracks and flakes. 
0.2% Mn, balance Mg 


after , 
was previously machined or as-cast. 


_-in. shot peening, whether the surface 
This sug- 
gests that a saturation is reached for this type of 
surface-working beyond which it is difficult to 
Also 
of interest is the finding that polishing does not 


improve without basic change in method. 


improve fatigue properties. 

Other methods for inducing the same bene- 
ficial surface by techniques which might be 
more suitable for certain production operations 
studied. A rubbing or burnishing 


technique was evolved which complements the 


were also 





Fig. 3 Views Corresponding 
to Those in Fig. 2 When Peen- 
ing Is Done by -In. Shot Fall- 
ing 36 Ft. Surface is dappled 
in appearance, cold worked 
layer is at least 0.050 in. deep 


peening treatment; it seems quite suited to 
machined surfaces, while shot peening can be 
used on unfinished or as-cast surfaces. 

Surface rubbing cold works or induces 
energy into the surface of the metal. Surface 
eracks and other flaws are not formed under 
Cold work of metal at the 


surface is deep and intense. 


proper treatment. 


POOLS FOR THE OPERATION 


\ spherically tipped tool is used, designed 
for mounting either in a fixed or in a spring- 
loaded position in a tool stock. Dimensions of 
the tool tip are determined within limits by the 
contour of the work, and are between '. and 
1 in. diameter. If the tool is in a fixed or spring 
mounting, it is loaded enough to depress it into 
the work between 0.004 and 0.015 in. 


touch contact. 


bevond 
The tool is then traversed across 
the work in a shaper or lathe. The speed of 
translation of the tool, within the limits of 
recommended machining practice for magnesium 
alloys, seems to have an undetectable effect on 
the results. Traverse of the tool across the work 


is maintained around 0.006 in. per stroke, so 


complete and uniform coverage and a slight 
overlapping is obtained. In order to get inten- 
sive and general plastic deformation without 
exceeding the local yield or shear strengths at 
the surface of the metal, thus causing tearing, 
scoring or scuffing, a relatively heavy-grade 
machine oil lubricates the 
working surface. A hard- 
ened steel ball, obtained 
from a bearing manufac- 
turer, mounted in a tool 
shank as shown in Fig. 6 
page 54) has been found 
most suitable. Flats worn 
on the rubbing surface of 
the ball can be easily ro- 
tated away from the point 
of contact at periodic 
intervals. 

Close visual inspec- 
tion of the resulting sur- 
face is one way to control 
the variables involved in 
The sur- 
bright 


laps, tears, or 


this treatment 
face must finish 
without 
discontinuities. Further- 


more, there must be 
complete and uniform 
working without grossly 
A typical 


example is shown in Fig. 5, on the next page, 


defined ridges. 


representing one of the cast panels tested for 
bending fatigue. 

\ photomicrograph through a section after 
this treatment had been applied is also shown 
It will be noted that the surface is 
flawless and that a zone of 


in Fig. 5. 


intense working 


30 , ——— 
Peened With Large Shot 
Machined Surtace 
Poy; i+ $444 4 +44 
's 1 
eq, Cast Surface 
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“4h 


"TT Cast Magnesium H-T4" 











, @ 2 4 2 4 
107 10 10” 
Cycles of Reversed Stress 


Fig. 4 Endurance Limit of As-Cast H-T4 Pan 
els Is 8000 Psi. but After Machining and Pol 
ishing It Is 10,000. If cast or machined surface 
is peened with in. shot falling 36 ft. the 


endurance limit is 12,000 psi. (top two lines) 
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exists to a depth of 0.030 in. and fades out 
at about 0.080 in. 

Panels of the type shown in Fig. 5 
were tested in fatigue, with results shown 
in Fig. 7. For purposes of comparison, our 
best results from surface rolling are shown. 

This selection is similar to that used by 
Sachs; confirming other comparisons we 
have made, the compression by surface 
rolling does not develop the fatigue prop- 
erties induced by the combination of com- 
pression and rubbing or smearing by the 
hard steel ball.) 5 — Cast H-T4 Which Has Been Ball Burnished, 


Cold Working 0.030-In. Surface Layer Heavily 
Without Causing Flaws. Acetic picral etch, mag 


nified 50 «. Panel is half size, being 7'2 in. long 


Summary Fatigue tests run according 
to our best present methods of fatigue test- 


ing have shown that surface working as 


ments. Phenomenal improvements may be pos- 
sible if optimum production methods can be 
developed. The experience of Bendix Aviation 
Corp. in applying these treatments, on a pro- 
duction basis, to aircraft wheels is a case in 
point, and will be described in a subsequent 
article by W. H. DuBois of that firm’s staff i) 





Fig. 7 S-N Fatigue Bands for Cast H-T4 Magne 
sium Alloy With Prepared Surfaces. Aggregated 
results from several hundred tests on a variety 
of commercial magnesium alloys and heat treat 
ments indicate that alloy and heat treatment 
have no discernible influence on these tests 





,Transverse Machined; * 
and Rubbed 


Basic Tool Design for Surface Rubbing 


described improves fatigue properties quite sig- 


nificantly Several hundred laboratory fatigue 


tests on standard commercial magnesium cast- . 
yes t-1 Transverse Machined 

ing allovs have verified this statement iy and Rolled + 
It is appreciated that the application of gy ho rar pe Oe, Oh ea 2 oe ~ 
in 
such treatments on a production basis frequently © 0007 In T Com or orerenl tie 











involves circumstances which are not included - ——- 4 
in the right degree in laboratory demonstrations 10° 108 


Such is undoubtedly true for the above treat- Cycles of Reversed Stress 
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885° F. Embrittlement 
of the Ferritic 


Chromium-lron Alloys 


‘4 hy 

r. FERRITIC STAINLESS STEELS that is, steels 
when heated for long 
times in the temperature range of 700 to 1000° F. 
and cooled, increase in hardness and decrease 
in ductility 


containing over 12% Cr 


when tested at room temperature). 
These changes in properties are induced most 
pronouncedly at 885° F., and consequently this 
phenomenon has “the 885° F. 
75° C As far as is known, 
its cause never has been definitely established 
and there is no satisfactory method for elimi- 
nating it. However, the subject has been studied 
intensively, and from the results of the various 


investigations which have been made, several 


been called 


) embrittlement”. 


theories have emerged. 

In view of this interest, a survey of these 
previous investigations has been 
Based on the established 
facts, a theory of the nature of 


made. 


the embrittlement is proposed. 
General Characteristics — The 
885°" F. embrittlement in ferritic 
stainless steels is characterized 
by an increase in strength and 
hardness, decrease in ductility, and also by 
changes in electrical resistivity, magnetic prop- 
erties, corrosion resistance, and microstructure 
It should be noted immediately that all data 
reported (except as specially noted) are from 
tests made at room temperature, not at 885° F 
Newell’s' data, plotted in Fig. 1, illustrate 
the effect of temperature on the room tempera- 
Cr alloy heated for three 
different periods of time. As is evident, the 


ture hardness of a 27° 


temperature for maximum hardness increase is 
near 885° F. and, as the holding time increases, 
the temperature for maximum hardness is low- 
Bandel and Tofaute? find that the 


hardening is proportionate to the chromium con- 


ered slightly. 


tent (Table 1) being inconsiderable in a 16.3° 
Cr alloy, but very important in 23.4 and 30.4' 
Cr alloys. They also find a maximum at 932° F., 
somewhat higher than given by Newell. 


By J. J. Heger 


Research Associate at 860° F. 
Research & Development Division 
U.S. Steel Co., Pittsburgh 


Newell’s study of the 
effect of time at 885° F. on 
the room-temperature ten- 
sile properties of a 27% Cr 
(Fig. 2) 


the tensile and yield strength 


alloy shows that 
increase and the elongation 
decreases with time. 
Riedrich and Loib*® re- 
port on the effect of temper- 
ature and chromium content 
on the ductility of a series 
after 
heating for 1000 hr., as 
measured by the bend test (Table I]). Such 
heating at 885° F. is detrimental to alloys as low 
in chromium as 16.7%, and a 19.4% 


of chromium alloys 


Cr alloy 
has no bend ductility left at all after 1000 hr. at 
842 or 885° F. The 19.4% Cr alloy is slightly 
embrittled at higher and at lower temperatures; 
the 23.89% Cr-Fe is entirely after 
1000 hr. at 752 or 932° F. 

Similar 


embrittled 
results were recorded by Bandel 
and Tofaute? for two 17.5 Cr, 0.04% C alloys, 
containing 0.04 and 0.17° nitrogen, respec- 
tively, when tested in notched-bar impact. Heat- 
ing at 572 or at 1112° F. for 1000 hr. gave metal 
with about 24 m.-kg. per sq.cm. in impact. An 
equal time at 752 or 932° F 
to about 6 


reduced this value 
\ minimum value of impact (about 
2) and a maximum hard 
ness (about 250 Brinell) 
was recorded after 1000 hr 
The figures just 
viven were scaled from 
curves wherein it appeared 
that the course of events 

was not influenced to a no- 
table degree by the high nitrogen in one of 
the alloys. 

All of the property changes above described 
were evidenced by measurements made at room 
temperature after exposure of the metal at or 
near 885° F. Some recovery of the effects of 
such embrittlement is noted by property changes 
at the temperature of embrittlement, as is illus- 
trated by Fig. 3 (Riedrich and Loib*) and Fig. 4 

Olzak*). Figure 3 shows that, when tested at 
O75° F 


notch toughness of 8 m.-kg. per sq.cm. 


, a previously embrittled 24% Cr iron has 
Like 
wise Fig. 4 from Olzak’s work* shows that a 
27% Cr-Fe, embrittled by 500 hr. at 885° F., has 
about 30% reduction of area and 15° 
tion, when tested at 885° F. 


Riedrich and Loib 


elonga- 


indicate that physical 
properties also are affected by the embrittlement. 
Table IL gives their determinations of hardness, 
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800%. 


caused 





8 


§ 


5000 Hr 
1000 Hr 


Vickers Heraness 
8 





2 


chiefly by a_ precipitation 
Bandel 


and Tofaute? reported the discov- 


along the grain boundaries. 


a lamellar precipitate in 
embrittled 18% Cr alloys. 

In embrittled 

ing 28 to 35% 


general 


metal contain- 


Cr, they reported a 
darkening 


upon etching 





200 400 600 800 1000 1200 


Temperatureé, °F 


1 Hardness Surveys on Bars 

in a Temperature Gradient. 

max. €, 1.50% max. Mn, 0.25% 
>i, 26 to 30% Cr, 1I* max. 


(Newell) 


Ni, 


specific gravity, and coercive force, all of which 
increase with increasing time at 885° F., whereas 
electrical resistance decreases. 

Corrosion resistance, as measured by weight 
loss in boiling nitric acid, decreases if the mate- 
rial has been heated in the embrittling tempera- 
ture range - a phenomenon reported by various 


investigators. Bendel and Tofaute? indicate also 


Table |— Brinell Hardness of Cr-Fe Alloys 
(0.05% Cr) After 500 Hr. at 
Indicated Temperatures: 





TEMPERATURE 16.3% Cr 23.4% Cr 
(300 
(400 
(500 


YC. 142 

C. 

PC. 
(600° C. 

PC. 

PC. 


) 

) 165 
) 165 
) 136 
) 130 
) 120 


572° I 
752° I 
932° I 
1112° 1 
1292° ¥ 
1472° I 


(700 
(800 











that this damage increases with increasing chro- 
mium content. 17% Cr-Fe, 
heated 1 hr. at below 750 
above 1125° F., has a weight loss in nitric acid 
of about 


For example, a 
temperatures and 
0.5 g. per sq.m. per hr.; this figure 
about triples (1.3) after heating 1 hr. at 850° F. 
On the hand, 30% Cr-Fe which 
nitric acid almost perfectly has the high corro- 


other resists 
sion rate of 5 g. per sq.m. per hr. after heating 
1 hr. at 850° F. 

All of the changes described indicate that 
during heating at about 885° F. some alteration 
the the metal. 
Accordingly, this alteration should be detectable 
either by microscopic examination or by X-ray 
diffraction. Early investigators could detect no 
significant metallographic changes, but, as tech- 


has occurred in structure of 


niques and equipment improved, structural 


changes were reported 
Loib 


concluded 


For example, Riedrich 
and reported 


that 


a grain boundary widening 


and the embrittlement was 
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After Prolonged 


max. S and P, 0.75% 
0.2 to 


which was more pronounced along 
Newell! also 
a grain boundary 


4400 1600 : ‘ 
the grain boundaries. 
reported widen- 

ing, together with a mottled condi- 

the 


material. 


Heat- 
Analysis . , 
tion of 
0.25% N 27% Cr 


ferrite in embrittled 


STRUCTURAL CHANGES OBSCURI 


With one or two exceptions, X-ray investi- 
failed to 
the structure 


gations have disclose any significant 
after heating in the 
neighborhood of 885° F. Becket,® Riedrich and 
Loib* Bandel Tofaute* no 


change in lattice parameter after embrittlement. 


change in 


and and reported 
Newell’ could find no change in lattice param- 
but reported that an disturbance 
was indicated by diffused, or widened, diffrac- 


eter atomic 
tion lines in the back-reflection spectra of an 
embrittled When cold 
worked specimens of 27% Cr heated to 
885° F. a identifiable 


specimen. drastically 

are 
phase was precipitated 
(This work was first done 
the 
Using the same technique, 
able to that 


Cr. Its microstructure 


by X-rays as sigma. 
by Rutherford® 
author.*) 


and later confirmed by 
present 
the 


phase will form in 17% 


author has been show sigma 


is shown in Fig. 5, 


p. 59. 


summarize, the characteristics of the 


Fig. 2 Effect of Aging Time at 885° F. 
on the Room-Temperature Tensile Prop- 
erties of 27% Cr-Fe Alloy. (Newell!) 


a — . 


Tensile Strength a Core eran 
re = 4 j 





Elongation in 2 In. 
 — 


9 





885° F. embrittlement are an increase in hard- 
ness, tensile strength, and yield strength, and a 
marked decrease in ductility and 


These alterations are 


impact 
reflected by 
changes in room-temperature properties, as well 
as by changes in properties at the embrittling 
temperature. 


strength 


Changes in electrical resistance, 


density, magnetic corrosion 


embrittlement. 
These changes in physical and mechanical prop- 


properties and 
resistance also occur after 
erties are accompanied, although perhaps at a 
slower rate, by changes in the microstructure, 
principally at the grain boundaries, but no sig- 
nificant structural changes have been detected 
by X-ray diffraction except for specimens dras- 
tically cold worked prior to embrittlement. 


EFFECT OF COMPOSITION 


Perhaps the most obvious course to pursue 
in an attempt to eliminate this temperature 
effect would be to experiment with alloy addi- 
The effects 
of chromium, carbon, titanium, columbium, 


tions. Actually, this has been done. 


manganese, silicon, nitrogen, aluminum, phos- 
phorus, and nickel have been studied, but all 


Table Il — Angle of Bend of Chromium Steels 
After 1000 Hr. at Temperature* 





Curomium. 752° F. 842° F. 885° F. 932° F. 
Convent | (400° C.)) (450° C.)) (475° C.) | (500° C.) 


14.3% 180 
16.7 160 
17 
17 

Zero 











have shown negative results. The following 
is a brief description of the effect of several 
elements. 

Bandel and Tofaute? 
gated chromium-irons up to 70% Cr. 


Chromium investi- 


Brinell 
hardness increased greatly after 5000 hr. at 
930° F. 
Cr; the minimum limit for stable alloy may be 


as low as 12.5% 


in all alloys containing more than 17° 


Specific data are as follows: 


CHROMIUM ORIGINAI Arrer 5000 Hr. 
aT 930° F. 
20 140 284 
30 168 340 
41) 213 385 
50 272 408 
Hu 310 425 
70 340) 434 


CONTENT HARDNESS 


Temperature of Test, °C. 
200 
TT 


° 


400 600 __—800 





N 
4 


Annegied Specimens 


, 


o 


Previous 
Embrittled 


Meta! 








eee 
400 800 1200 1600 
Temperature of Test, °F. 


Notch Toughness, M-Kg. per Sq. Cm. 


Fig. 3 Recovery of Notch Toughness of Annealed 
and Previously Embrittled Specimens of 24% 


Cr-Fe When Tested at Elevated Temperature® 


A similar investigation by Riedrich and Loib* 
yielded the same general information, that is, 
as the chromium content increases, the intensity 
of the embrittlement also increases. The dif- 
ference in the results of these two investigations 
lies in the minimum amount of chromium that 
will result in embrittlement; Riedrich and Loib 
report 15.5% Cr as the limit, Bandel and 
12.59%. Newell® has reported the 
embrittlement of 12% Cr containing 
0.20% Al (A.LS.1L. Type 405), although Scheil,” 
testing the same material, reported it ductile. 
Carbon The effect of carbon has been 
investigated by the bend test.2. Samples with 
about 23.5% Cr and 0.04 and 0.10% C withstood 
10 hr. at 885° F. without losing ductility (bend 
test = 180°), but lost the ability to bend after 
50 hr. at that temperature. 
0.20 to 0.30% C, capable of bending flat upon 
themselves originally, cracked upon 140° bend 
after 5 hr. at 885° F., and lost practically all 
bend-ductility after 50 hr. The investigators 
considered the effect of carbon to be small. 
Titanium and Columbium Although the 
effect of carbon is apparently negligible, both 
titanium and columbium additions have been 


Tofaute say 


steels 


Other samples with 


Table I1l1— Changes of Physical Properties of 
24% Cr-Fe With Increasing Time at 885° F.* 





500 1000 


PROPERTY 
Hr. Hr. 


1 He. 50 He. 
Brinell hardness 167 283 322 
Specific gravity 7.62 7.63 
Coercive force* 3.2 3.2 


Electrical resistance 66 65.5 











*Oersteds Ohms. 
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a nature that its bend-duetility is not attected 

until it is heated 10 hr. at 885° F., but whose 

h Yiewg - | | bend-ductility is completely exhausted after 
c4- 


; 100 hr., it was found that three alloys with 
' For . 2.4, 3.3, and 4.5% Cb added, all were com- 
Embrittled pletely brittle (bend angle = zero) after 50 hr. 
ners at 885° F. All the titanium alloys (0.7, 
1140 1.2 and 3.8% respectively) were consid- 
erably embrittled in 10 hr. at 885° F 
bending from only 30 to 80° before frac- 
ture, whereas the titanium-free metal 
bent completely, 180°. 
Molybdenum Inasmuch as the tem- 
perature range for the phenomenon under 
study is nearly the same as the range of 


5 
s) 


@ 
9 


©) 
re) 


5 
3 


For Previously 
Annealed Specimen 


Yield and Ultimate, in |000 Psi. 


@® 
.) 


temper brittleness for low-alloy steels, a 
similarity between the two was assumed. 


te) 
2) 


Since molybdenum is a good specific for 
temper brittleness, additions were sug- 


sy 
2) 


gested for the Cr-Fe alloys. However, its 
effect is to increase, not decrease, the 


trouble. For example, 2% molybdenum 
“For ; 


iL. Elongation --Embrittled 

hg oon Specimen 
L 

200 400 600 800 1/000 i200 I400 
Temperature of Test, °F. 


N\ 
° 
Elongation and Reduction of Area, % 


added to a 29% Cr alloy had a hardness 
of about 200 Brinell after water quench- 





ing from 1470° F., which was increased 
to 375 after heating 500 hr. at 932° F. 


Reference to Fig. 1 indicates that a simi- 





Fig. 4 — Short Time, High-Temperature Tensile lar alloy without molybdenum would 


rests on 27% Cr-Fe Samples, (a) Annealed or require between 1000 and 5000 hr. at 


th) . . os g 5 ‘ 885° FA . 
b) Embrittled by Heating 500 Hr. at 885°} high temperature to be hardened to that 


degree. This intensifying action of 

tried in the hope that their effect might be good, molybdenum has been confirmed by other 
since they prevent intergranular corrosion in investigators. 
the austenitic chromium-nickel steels, low in Manganese —— Increased manganese up to 3 
carbon. However, neither reduces the embrittle- lowers the embrittlement tendency slightly. 
ment tendencies rather they intensify it. This Perhaps this effect may be explained by the fact 
intensification has been explained by assuming that manganese has caused some austenite to 
that these elements, by forming carbides, pre- form and, as far as is known, the embrittlement 
vent the formation of chromium carbide and is confined solely to ferrite. 
thus free more chromium to take part in the Silicon has almost exactly the opposite 
harmful processes. effect; that is, 2.8 silicon increases the embrit- 

The specific data on which the above con- tlement tendency (as measured by bend tests) 
clusions rest are given by Riedrich and Loib. almost as much as 3% Mn decreases it. The 


Experimenting with a 24% Cr-Fe alloy of such combined effect of silicon and aluminum was 


307 to 319. (Brutcher Translation Olzak, Rubber Reserve RR 3-2. 
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investigated by Bandel and Tofaute Both of ples were previously water quenched from 
these elements intensify the embrittlement. 2190° F. 


Hardness data follow; samples were 
Nitrogen was mentioned as being innocuous 


heated 500 hr. at the temperatures noted. 
earlier in this article when embrittlement was HEATING TEMPERATURE 0.01% P 0.20% P 0.68% P 


measured by loss in impact strength. 400 


( F.) 150 190 260 
F.) 210 260 455 
F.) 140 170 240 
F.) 145 160 210 


~ & oO 


gain in hardness by stay at high temperature 200 (10 


(11 


CG. 
Nickel With increasing nickel content, the 500° Cc. «9 
c. 
( 


tendency for embrittlement) increases at first, ow 
but as more nickel is added and austenite begins This pronounced hardening during long 
to form, it decreases. This twofold effect of reheating after a high-temperature quench has 
nickel is illustrated in Fig. 6. been used to explain the embrittlement as being 
caused by a phosphide precipitate. However, 
this explanation is somewhat dubious inasmuch 
as the above figures show that material contain- 
ing as low as 0.01% phosphorus will become 
embrittled (hardens from a normal 150 to Bri- 
nell 210 after soaking at 932° F.) 


Fig. 6 Effect of 5 and 10° Ni on Hard 

ness of 23.50% Cr-Fe After Heating 500 

Hr. at Various Elevated Temperatures 
Reheating Temperature, °F. 

600 800 ,/000 1200 1400 1600 





420 


a * . 


OQ. 
—~? &y 


Fig. 5 17% Cr-Fe Alloy, Cold Reduced 95.4%, Then 
Heated 5000 Hr. at 1050°F. Etched with Marble’s 
reagent Clear particles are sigma phase. 750 x 


w 
9 
oS 


Phosphorus Bandel and Tofaute? investi- 
gated three 24% Cr-Fe alloys containing 0.01, 
0.20 and 0.68 phosphorus, respectively. Hard- 
ness of these alloys after 500 hr. at various ele- 
vated temperatures reflected the hardening effect 
of phosphorus. That is to say, the 0.20% P 
alloy was consistently about 20 Brinell numbers 
harder than the 0.01% P alloy; the 0.68% P 180 
alloy was about 25 numbers harder than the 


\ 
io) 
2) 


Brinell Hordness 


0.20 P alloy. These figures were for samples 
water quenched from 1450° F. 





140L_ : — = 
\ considerable intensification of the hard- 300 400 500 600 
ening effect of phosphorus occurred if the sam- 


700 
Reheating Temperoture,°C 
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Heat Treatment The effect of prior heat limits did not include the low-chromium alloys 
treatment was studied by Bandel and Tofaute,? which embrittle. However, they also recognized 
who reported it to be small. that reaction rates are slow in the iron-chro- 

“Pure” Iron-Chromium Alloys Since the mium alloys, and accordingly, they believed that 
additions of alloying elements offered little or the published boundary limits were not the true 
no improvement, the hypothesis was advanced equilibrium limits. As Krivobok asks, “Is it not 
that the embritthement was caused by a minor possible that with much prolonged time of heat- 
impurity. However, Becket’ early 
reported that even the purest alloys 1000 7 1800 
are subject to embrittlement, and this } 
has been confirmed by Krivobok.'® 11600 

In Summary, the effect of compo- « Phase 
sition on the 885° F. embrittlement in T } 7 11400 


chromium steels is as follows: 


Chromium Intensifies 
Carbon No effect 
ritanium Intensifies 


11200 


Columbium Intensifies 
Molybdenum Intensifies 


11000 


++++ 


Manganese Lowers slightly 
Silicon Intensifies Ow 
\luminum Intensifies ocOo x | 
Nitrogen Very slight; intensities |} 600 
Nickel Low amounts, intensify O Unchanged 
Large amounts, decrease 0 Fe-Cr Compound 1 400 


Phosphorus Intensifies 


t 
=) 
©) 


800 


Temperature, °C. 


Hardness Increase Only 


| 
+ Changes in Hardness and Structure 200 
NATURE OF THE EMBRITTLEMENIT 








;, 10 20 30 40 50 60 70 80 90 
Inasmuch as alloy additions and h 
heat treatments have no_ beneficial Chromium, Weight % 
effect and even the purest iron-chro- Fig. 7 Equilibrium Diagram Showing Limits of Sigma 
: : . Phase and Alpha Plus Sigma on Either Side, Based on 
mium alloys embrittle, the cause for 


Changes in Hardness or Structure After Heating 6000 Hr. 
the phenomenon would seem to be the at Various Temperatures.2. Dotted line represents lim 


precipitation of some phase which is its of alpha plus sigma as proposed by Cook and Jones! 
inherent in iron-chromium alloys. 
In this connection neither Becket* nor ing (approach to equilibrium) the 


limits of 
Riedrich and Loib* believed the precipitant to compound (sigma phase) 


formation may be 
be sigma phase —— although, to date, this is the found to extend far beyond those sketched at 
only intermediate phase which has been found present?” 
in the iron-chromium system. Becket’s main 
objection to the idea that sigma phase is guilty SIGMA MAY FORM IN 17‘° CR-FI 
was that the limits of the alpha+sigma region 
do not embrace the lower chromium alloys This view was found to be justified, at least 
which embrittle. Riedrich and Loib’s objection in part, because in the year 1935, when Krivobok 
was that sigma phase formed at temperatures published the above statement, the alpha-4 
above 1100° F., whereas the embrittlement sigma limit was set at 35° Cr; since that time, 
occurred at 885° F.; they believe that embrittle- results published by Cook and Jones'® on very 
ment and the formation of sigma are two sepa- pure alloys indicated that it was more like 25% 
rate reactions having no clear relationship to Cr, and Bandel and Tofaute’s results? (Fig. 7) 
each other show sigma phase to form in alloys containing 
On the other hand, Bain and Griffiths! as low as 17% Cr. This diagram is based on the 
indicated that the presence of sigma phase in criterion that the alloys which embrittle are 
the iron-chromium system offered a possible within the alpha+sigma region. 
explanation a view also shared by Aborn,'” On this basis, Bandel and Tofaute con- 
Krivobok,'” and by Ba. del and Tofaute. cluded that the embrittlement of the iron- 
All of these investigators, like Becket, were chromium alloys was due to a_ precipitation 


fully aware that the alpha+sigma boundary hardening process involving early stages in the 
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°F 


Temperature, 





formation of sigma phase in much the same 
manner that the precipitation hardening of 
aluminum-copper alloys't involves the eventual 
They 


also believed that other precipitates, chromium 


precipitation of the compound CuAl.. 


phosphides for example, might add to the effect. 
These ideas appear to be quite logical, because 
they indicate that the #£5° F. embrittlement in 
pure iron-chromium alloys may be explained by 
the same principles as the theory of precipita- 
tion hardening, developed for the nonferrous 
alloys. For commercial iron-chromium alloys, 
the mechanism is more complicated because, in 
addition to sigma phase, other sub-microscopic 
compounds or phases may form when these 
alloys are heated at 885° F. 

On the basis of this theory, an iron-chro- 
mium alloy, capable of embrittlement, when 
heated in the embrittlement range of tempera- 
ture undergoes the following reaction: 

Alpha phase — transition phase > sigma phase 
The transition phase is intermediate in struc- 
ture between the alpha and sigma, and is coher- 
ent, atom for atom, with the matrix 


(alpha 
phase). This coherency between two different 
structures causes large stresses to be set up, and 
increase the 


these stresses 


hardness and cause other 


property changes peculiar to 
precipitation hardening. As 
the transition phase grows in 
amount, the stresses become 
larger until they become intol- 
erable; the 


transition phase 


then breaks away from the 
alpha matrix and forms tiny 
particles of the equilibrium 
precipitate, namely, sigma 

phase. This relieves the inter- 

nal stresses, and softening or 

“overaging” begins. 

In the nonferrous alloys, this mechanism 
takes place in a matter of hours or days at tem- 
peratures just slightly above room temperature. 
In the iron-chromium alloys, the complete reac- 
tion requires a matter of years or tens of years 
at 900° F. 

At temperatures above 1000°F. the iron- 
chromium harden 


alloys will not age even 


though sigma phase can form. This apparent 
anomaly may also be explained on the basis of 
If, as the 


theory postulates, the stresses and strains set 


the precipitation hardening theory. 


up by the transition lattice are the cause of the 
increase in hardness, then no hardening would 
be expected if the matrix were incapable of 


being strain hardened at the temperature of 
iron-chromium 
heated 
temperatures, the 


precipitation. On this basis, 


alloys do not embrittle when above 


1000° F 


matrix is incapable of being strain hardened 


because, at these 
However, if excessive amounts of sigma phase 
are formed after very long times, the alloys will 
be brittle because sigma phase itself is brittle.) 
The softening which occurs when embrittled 
specimens are heated above 1000° F. may simply 
be a strain relief or creep-relaxation process, or 
it may be caused by solution of the transition 
formed at 885° F. and 
because of their 


phase nuclei which, 


minute size, are unstable at 


temperatures above 1000° F 


SUMMARY 
The 885° F. embrittlement of the ferritic 
stainless steels is characterized by an increase 
in hardness, tensile strength, and vield strength, 
and by a decrease in ductility and impact 
strength. Changes in electrical resistance, den- 
sity, magnetic properties and corrosion resist- 
ance also occur. These changes in mechanical 
and physical properties occur after the steels 
have been heated in the tem- 
perature range of 700 to 1000 
F., and have been observed in 
tests made at room tempera 
ture and in tests made at the 

embrittling temperature. 
Precipitation of one or 
more constituents has accom- 
panied these changes in phys- 
ical and mechanical properties. 
However, a positive identifica- 
been 
X-ray 


spectra except when specimens 


tion has not made by 


analysis of diffraction 

drastically cold worked prior 
to embrittlement were used. In such specimens, 
the precipitate has been identified as sigma 
phase (iron-chromium compound). 

Neither additions of alloying elements, vari- 
ations in heat treatment, nor elimination of 
impurities have prevented these gradual changes 
in the hot alloy. 

For pure iron-chromium alloys, the embrit- 
tlement is believed to be caused by the precipi- 
tation of sigma phase (or some transitory phase 
that precedes the formation of sigma). In com- 
mercial iron-chromium alloys, the precipitate 
that forms during heating in the range of 700 


to 1000°F. may include nitrides, phosphides, 


and carbides, as well as sigma. 6 
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Robert B. Schenck 


Retiring as 
Chief Metallurgical Engineer 
For Buick Motors 











T. 
HIRTY-FIVE YEARS as head of the metallurgical 


department of a large and progressive unit of 
the American automotive industry can mean 
only that the man has a substantial foundation 
of professional information, a quality of leader- 
ship which attracts and holds competent asso- 
ciates, a mind eager for new ideas, and a spirit 
undismayed by obstacles. Such a man is ROBER1 
B. Scuenck, chief metallurgical engineer of 
Buick Motors Division of General Motors Corp., 
known affectionately as “R B” to his co-workers. 
His eiforts and achievements as a metallurgist, 
scholar, and supervisor have continually inspired 
them to the highest ideals in their work. This 
respect and admiration is also shared by his 
many, many professional acquaintances through- 
out the metal industry 

ROBERT SCHENCK was born in Beacon, N. Y., 
on June 21, 1886. He was educated in Boys High 
School in Brooklyn, and graduated from Lehigh 
University with the degree of Electrometallurgist 
(1909 Shortly 


stead, Pa 


thereafter he went to Home- 
, and before long was serving as a fore- 
man in the armor plate department of Carnegie 
Steel Co. In the winter of 1914-1915 he was 
metallurgist for Erie Forge Co. of Erie, Pa., but 
then joined Weston-Mott Co. of Flint, Mich., 
which manufactured automobile axles. This firm 
was absorbed by Buick in 1917, and with the 
exception of about a year with Pittsburgh Cru- 
cible Steel Co. (1933-1934), he has been chief 
metallurgical engineer for Buick ever since 

Very early in this period he pioneered the 
use of pearlitic manganese steels, which were 
later applied to Buick axles, transmission and 
steering parts, and which have been used satis- 
factorily for nearly 30 years. In those days 
expensive alloy steels were used to offset poor 
heat treating practice (a habit which has not 
entirely vanished in American industry today). 
The medium-manganese steels undoubtedly 
needed more precise treatment than the nickel- 
chromium S.A.E. 3135 steels formerly used; 
therefore better furnaces and controls were 
needed. “RB” helped in the development of 
improved furnaces and annealing and hardening 
techniques 

In the early 1930's he recommended the pur- 


chase and supervised the use of the first con- 
tinuous controlled atmosphere furnace to be 
This led 
to some of the early work in carbonitriding of 


installed by the automobile industry. 


automotive parts; the process has since become 
an important part of treating. 
Under ScHEeENCK’s stimulation, Buick’s staff has 
continuously been working with advanced fur- 


modern heat 


naces and heat treating methods; “Buick prac- 
tice” is almost synonymous with “best practice”. 

During the late 1930's he began an experi- 
Their 
use in production began in certain parts for 1941- 
model cars. 


mental test program on the boron steels 


Here again, SCHENCK Was among 
the pioneers. Boron steels are now being urged 
for general use as an answer to the present 
shortages of critical alloys 

When “RRP” first came to Buick the metal- 
lurgical department consisted of nothing much 
more than a small chemical and physical test 
laboratory. It has expanded into a well-inte- 
grated group consisting of chemical and physical 
control laboratories, research laboratory, weld- 
ing, metallographic, spectrographic, X-ray, 
foundry, and pyrometer control facilities, as well 
as a small but active group engaged in furnace 
design. 

Buick Motor Motors 
Corp. was deeply immersed in war work in both 


Division of General 


world wars. Automobile production was con- 
verted to aircraft engine construction, making 
the Liberty motor in World War I, and Pratt 
& Whitney aircraft engine in World War IL. 
These, together with manufacture of many other 
military items, required sound metallurgical 
decisions. During the last war Ropert SCHENCK 
was a member of the Iron and Steel Committee 
of the Society of Automotive Engineers which 
aided in the development and promoted the use 
of the national emergency steels designed pri- 
marily to use the tramp alloy in scrap to best 
advantage. At this time he was also instrumental 
in the metallurgical development of the 75-mm. 
steel cartridge case (and its acceptance by the 
Army) when copper and its alloys were critical. 
His work at Buick in metallurgy during World 
War II won for him an Army-Navy certificate 
of appreciation 

SCHENCK’s career has been outstanding not 
only within his own organization but also in the 
automotive metallurgical field as a whole. He 
served as chairman of the General Motors’ Metal- 
lurgical Committee for 10 years, and its subcom- 
mittee on productive steel for 15 years. During 
the second World War he served as a member 
of the War Engineering Board, and supervised 
four National Research Council projects for the 
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development of low-alloy, boron treated steels 
for armor plate and armor piercing projectiles. 

A long-time member of the American Society 
for Metals, he served for two terms on the com- 
mittee for the revision of the @ Metals Hand- 
book. In 1948 he won the Society's Distinguished 
Service Award for meritorious contributions to 
progress in alloy steels, the citation reading “for 
devising inspection and production methods 
whereby manganese steels could be widely used 
He is also a member of 
the Engineering Society of Detroit, British Iron 
and Steel Institute, Society of Automotive Engi- 


neers, American Foundrymen’s Society, Ameri- 


for automotive parts” 


ean Ordnance Association, and the American 
Association for the Advancement of Science. 
It would be interesting to reprint his own 
words about the origin of the medium-manganese 
steels, now standardized as the 1300 series. 
“While working as a foreman in the armor 
1914, I ran 
across a sample of 0.35 carbon, 1.50 manganese 


plate department at Homestead in 


steel which showed remarkably good tensile 


properties in the heat treated condition. These 
results indicated that manganese might be used 
in place of chromium or nickel. 

“Further work was greatly hampered by 
difficulty in obtaining additional samples from 
other heats to verify the first results. Anything 
in the range of 0.20 to 0.50 carbon and 1.25 to 


Lab- 


2.00 manganese was almost nonexistent 


Correspondence 


oratory melting furnaces were not readily avail- 
able at that time for 


and, if they had been, most of us would have 


making experimental lots 


hesitated to predict openhearth properties from 
About the only material to be 
found was occasional scrap from some heat that 


laboratory melts. 


had been rejected because of its high manganese 
content 

“Another obstacle in the development work 
was the general skepticism encountered, the 
prevalent attitude being that if manganese was 
any good as an alloying element in the pearlitic 
steels, this fact would have been discovered long 
before.” 

It is likely that this mental attitude in “old- 
timers” has been encountered (with exasperation 
by every vigorous young engineer since engti- 
Suffice it to say that 
Bop SCHENCK has the very antithesis of a com- 


neering was an occupation 


plaisant mind. No better example is needed 


than his reply to a newspaper reporter who 


came to interview him and to write a story 


Asked what 
he considered the outstanding development in 


about his impending retirement. 


metallurgy during his lifetime, ScHENCK cited 
something that occurred but yesterday 

“The splitting of the atom I mean, the 
controlled fission of the heavy metals, rather 
than the atomic bomb. It foreshadows pro- 
found changes in metallurgy, in power develop- 


ment, and in our way of life.” i} 


comparative gradient was main- 


tained to study grain growth, 


and Robin’s experiments in 


which a temperature or a strain 





Gradient Methods in Research 


Paris, FRANCE 
Phenomena variables are 
frequently studied by holding all the variables 


but one as constant as possible and observing 


involving many 


changes as the remaining variable is changed. 
This can lead to an overwhelming number of 
experiments. To reduce this work one can use 
especially in the preliminary stages of an 
investigation a “gradient method” which con- 
sists in replacing the discontinuous series of 
changes in the variable made at different times, 
with a continuous variation of the variable in 
a single sample. 
Some examples are well There 
were Metcalf’s classic experiments in which a 


known. 
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gradient was used to determine 
annealing conditions. Cooling 
rate gradients are used in studying hardenabil- 
test) and gradients are 


used in machinability tests. 


ity (Jominy velocity 
Fremont proposed 
the use of a truncated pyramid (which, on load- 
ing, gave a stress gradient) to determine the 
elastic limit in compression. Tensile specimens 
of similar shape could be used in studying stress 
Sauveur twisted rods that 
different 
their lengths to illustrate the ranges of plasticity 


corrosion cracking. 


were heated to temperatures along 
and their relationship with the transformations 
in steel. Tatur casts a star with arms of differ- 
ent length to test for susceptibility of aluminum 
alloys to cracking. 

One can think of many new applications of 
method. 


the gradient For example, rods or 


tubes could be wrapped around a cone giving a 





gradient in radius of curvature to test work- 
ability. Temperature gradients could be used 
in studying tempering. Balls of graded sizes 
could be pressed simultaneously into a sheet to 
test its drawability. Case hardened steels give 
a carbon gradient that is useful in many tests; 
sectioned specimens submerged in molten salt 
ean be used to determine the equilibrium car- 
bon content of the steel in that salt. 
mens can also be used to study effects of various 
heat treatments, in combination with the Jom- 
inv bar 


Such speci- 


which in itself is an application of the 
gradient method). 

We have used the method ourselves. In a 
preliminary study, Delbart and the writer heated 
a steel rod with a linear temperature gradient 
to study oxidation rates, carburization rates and 
nitriding rates. 

Two variables can be studied at once by 
setting up gradients at right angles. For exam- 
ple, H. Granjon and the writer are studying the 
effects of temperature and quenching rates on 
hardenability and on the formation of Widman- 
statten structure by this method. Another pos- 
sibility of this two-variable method would be an 
investigation of the effects of cold work and 
temperature on annealing: A_ strain gradient 
and a temperature gradient would be set up in 
a sheet of metal, hardness measurements taken 
over its surface, which are then correlated 
directly with the amount of work and the tem- 
perature. Precipitation phenomena or Liesegang 
rings can also be studied by setting up diffusion 
gradients of two salts in gelatine plates and then 
putting the two plates together so that the gradi- 
ent in each plate runs 90° to the other. 

ALBERT PORTEVIN 


Electrolytic Polishing of Nickel 


Paris, FRANCE 

In the November 195€ issue of Metal Prog- 
ress Glen W. Wensch describes a solution for 
electrolytic polishing of nickel for micrographic 
examination. 

Electrolytic polishing, of course, is not a 
new process. It may be of in- 
terest, indeed, to record that the 
commercial process of electro- 
polishing (French patent No. 
707,526 issued to the writer in 
1929) resulted from a search 
for a nonmechanical method 
for polishing micrographic spec- 
imens of this very metal. 


Mr. Wensch recommends 


orthophosphoric acid. The micrograph pub- 
lished by him is somewhat dappled, indicating 
some variations in level. In my experience a 
better solution is composed of one part per- 
chloric acid and four parts acetic anhydride, 
used with current of 18 amperes per square 
decimeter. Such a solution will polish nickel, 
even metal containing nonsoluble inclusions, to 


a perfectly smooth surface when viewed at 500 


diameters. 
P. A. Jacquet @ 
Ingenieur Contractuel des 
Constructions et Armes Navales 


Zirconium for Manganese in Cupola Iron 


University, ALA. 

In the article “Saving Precious Alloys by 
Intelligent Use of Alternatives” in June Metal 
822) 
Alabama 
to substitute zirconium for manganese in cast 
iron appeared to be successful, but the Editor 
intimated that the cost of this 
would be prohibitive. 


Progress, James T. MacKenzie stated (p. 


that experiments at the University of 


substitution 
Contrary to this, it has 
been found that zirconium can economically be 
substituted for manganese in gray cast iron. In 
addition, a cast iron is produced which is more 
machinable and has better physical properties 

Zirconium-ferrosilicon (13 to 15% zireo- 
nium) is about the cheapest ferro-alloy avail- 
able today. Briquettes can be made from this 
material which would contain 1.0 Ib. of silicon 
and 0.3 Ib. of zirconium in each 2.5-lb. briquette 
These briquettes would sell for about 8¢ per Ib. 
By using them in the cupola charge, it is pos- 
sible to save approximately 40¢ per ton of cast 
iron produced. This saving is the difference 
between the cost of silicon and manganese 
briquettes used in conventional practice and the 
zirconium briquettes used on a substitutional 
basis. A typical cost comparison is shown in 
the table on p. 66. 

Although it is more efficient and economical 
to add zirconium-ferrosilicon to the cast iron 
as a ladle addition, the use of zirconium bri- 
quettes would be preferred by the 


foundryman. 


average 


This process of substitut- 
ing zirconium for manganese 
has been checked in produc- 
tion foundries and found to be 
successful. Indications are 
that a better cast iron is pro- 
duced at a lower cost by util- 
izing this method 

The writer is aware that 
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Comparative Costs, Mn Versus Zr 


matically to sereen any oxide or 





CONVENTIONAL PRACTICE 
(St anp MN BriQuerTres) 


Base Iron 
Pig iron 1500 Ib. 

Steel scrap 500 Ib. 
Total 

Alloys 
Si briquettes 
Mn briquettes 
Zr briquettes 


75 Ib. 


10 Ib. 


$5.325 


7.1¢ 
ll¢ 
75 Ib. 


Alloy cost per ton base ir 86.425 

Final analysis 
Total carbon 
Silicon 
Sulphur 
Phosphorus 
Manganese 
Zirconium 


3.36% 
2.41 
0.08 
0.27 


0.60 





SUGGESTED PRACTICE 
(Zx-S1-Fe BriguetTes) 


1500 Ib. 


2000 Ib. 


a Se 


Savings per ton 


3.36% 
2.41 
0.08 


dross out of the pouring stream. 

Melting is done in high-fre- 
quency stationary furnaces, or 
those of lift-coil type. 
quency 


Low-fre- 


furnaces be used 
where production is of the same 
composition to 


Indirect furnaces 


» may 
500 Ib . 


from day day. 


are electric 
(revolving drums) were also ob- 
$6.00 served, but the foundrymen are 
26.00 not content to charge these fur- 
naces at their rated capacity and 


80.425 
then 


empty them too much 


time is lost in the cycle. To re- 
duce nonproductive period, fur- 
ol 750-lb. 
27 are filled with 
98 pte 
“na and of 250 Ib. each 
08 aaa 
removed and 250 Ib. of new 


naces rated capacity 


1500 Ib. of metal 


ladles are 








ol 
not completely solve the manganese problem, 
felt that it will help materially to 
relieve the cast iron foundryman from his com- 


substitution zirconium for manganese will 


but it is 


plete dependence on manganese. 
W arreN C, JEFFERY 
Foundry Instructor 
Department of Metallurgical Engineering 


Modern Foundry Practice 


LONDON, ONTARIO 
In a recent visit to Chicago the opportunity 
was given, by kind American friends, to inspect 
some of the many brass and bronze foundries 
operating in that area. It was a welcome chance 
to view the latest in those processes that con- 
tribute to high quality, fast production, and low 


costs. Judging from the Editor’s comments in 


“Critical Points” in the May issue, such matters 
are getting some intensive scrutiny in the United 
States at the present time. 

Putting the various visits together the fol- 
lowing impressions were gained: 

In the old days when one visited a foundry 
he donned an old suit of clothes and prepared 
for dirty work. Not 


more 


so today. No place is 
the 


after 


improvement evident than in 
casting and molding floor 


molds 


main 
line of 
conveyer 


Line 


move into position by and 
Pouring is done by one man (in place of 
three in the old days); he a Suitable hold- 
ing and tilting device for the ladle which has a 
connection on one side that keeps it in position 


at all times 4 


buggy. 


uses 


graphite skimmer acts auto- 
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metal added to the bath. Thus 
250 Ib. of molten metal is constantly available 
for pouring. 

In the start of the molding operation the 
molder stands in front of 
comes 


This 


his machine and 
up 


an 
automatic buggy 
the flask. 
back-breaking stoop. 
the 


operations 


and 
the 


beside him 


delivers does away with 


In fettling department and cleaning 
and in fact in the plants generally) 
employees are encouraged to make suggestions 
that may reduce labor effort or otherwise speed 
up production. An instance was drawn to the 
visitor’s attention where a simple chute was put 
in the rear of a cut-off machine so that the cast- 
ings had only to be pushed away from the table. 
This got the the 
S700. Other devices 
here and there. 


The old 


succeeded 


man who made suggestion 


labor-saving were seen 


steel 


method sandblasting, which 


was by shotblasting, is now 
This 
method gives a brighter finish, truer to the color 
of the alloy. Apparently the 
to marks from the 
those who finally pack the finished 


The comparison of the three methods is: 


tending toward the use of copper shot 
surface is more 
ot 
castings. 
Sand- 
blast, dull and light colored, marks easily; steel 


immune 


grease hands 


shotblast, brighter and of a light color; coppet 
shot, still brighter than steel, copper color on 
finished work which does not mark easily. 

The ol of 


conveyer system serve 


most these foundries is a 
to 
When this idea has been completely 
the flask 


automatic 


aim 
entirely automatic 
molding. 
developed, the workman will slide 
to 


buggy) on the molding machine, open the slide 


(delivered his machine by an 





of the sand chute, press a button. From then on 
the squeezing, jolting, and conveying of the 
flask to the casting floor will be automatic. The 
drag and cope go to a transfer point where the 
mold is mechanically. — If 
required they will be set in by hand. Produe- 
tion in this manner is estimated to be about 
15 sec. per mold (flask size, 12x 18 in.). It is 
along these lines that production will be speeded 


closed cores) are 


up so that more metallic articles can be pro- 
duced per hour in a given floor space and by a 


g > tall 
given sta Haroip J. Roast 


Bronze Foundry Consultant 


Palladium Alloys 


LONDON, ENGLAND 

The British professional body, the Institution 
of Metallurgists, recently held an exhibition in 
London to feature “Metals in the Service of 
Mankind”. At the opening ceremony, a metal 
rose bowl was presented to H.R.H. Princess 
Margaret. Its appearance caused some conjecture 
as to what metal had been used to make it look 
so attractive. It was actually made of palladium 
hardened with rhodium. 

Palladium is naturally a ductile white metal 
which retains its color and appearance in the 
atmosphere at ordinary temperatures. It is very 
resistant to chemical reagents, although it dis- 


Rose Bow] of Palladium 


solves in aqua regia. The pure metal is too soft 
for jewelry and similar applications, but it may 
be satisfactorily hardened (without losing too 
much of its cold working properties) by such 
metals as ruthenium, rhodium and tungsten, 
the former exciting most commercial interest. 
The specific gravity of palladium is 11.96, the 
alloy hardened with rhodium is 12.03 
being considerably lighter than 
Palladium possesses approximately the 


thus 
platinum or 
gold. 
same hardness as platinum and work hardens 
in a similar fashion. The Vickers diamond 
penetration hardness number increases from 44 
as annealed to 88 after a 25% reduction by cold 
rolling, and to 106 after a 50% reduction. The 
tensile strength of the annealed metal is about 
30,000 psi. 

Rhodium is also one of the rarer metals of 
the platinum group. It has a pleasing white 
color, has a density of 12.44 
greater than palladium 
to fabricate. 

Both metals, of purity greater than 99.9°%, 
were furnished by the Acton refinery of Mond 
Nickel Co. Baker Platinum, Ltd., fabricated it. 

A high-frequency furnace is used to melt 
palladium (its melting point is about 2830° F.). 
After adding any required hardener to the melt, 
a suitable deoxidizer such as aluminum or cal- 


only slightly 
and is rather difficult 


cium boride is added before casting. The ingot 
is usually broken down hot, and the sheet or 
other shape finished by cold working. 

A blue and red film of 
oxide can develop at about 
750° F., but this decomposes 
at 1470". 
ture, however, used in an 


Such a tempera- 


attempt to remove the oxide 


from a finished product, 
may cause distortion, so the 
oxide is often chemically 
reduced to metal by immer- 
sion in warm formic acid. 
Quenching from the anneal- 
ing temperature of about 
1850° F. prevents the forma- 
tion of “firecoat” (oxide). 
Palladium alloys may be 
joined by a number of spe- 
cial solders of suitable color, 
using borax as a flux. 
Princess Margaret's 
bowl is 6°. in. in diameter 


The dec- 


orations were made by the 


and weighs 709 g. 


recision casting process 
BI 


Tom Bisnop 
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Fig. 1 Photomicrographs of Same 
Area Showing Increase in Resolution 
of Microstructure in 0.90% Carbon 
Steel, by Use of Electron Microscope 
(Top) in Comparison With the Light 
Microscope (Bottom). Knoop hard- 
ness indent (lower left in micro 
graphs) used as a reference. 2000 » 


Preparation 
for Electron 


By William J. Craig 


Research Associate 


| 
' 
. 
: 
: 
: 
| 


‘ 

Sines the introduction of the compound microscope, our 
knowledge of the microstructure of metals has developed 
tremendously. The microscope employing visible light for 
illumination, however, is somewhat limited in resolving 
ability by the wave length of the illumination and the 
numerical aperture of the lense system. A microscope with 
greater resolution would increase our range of vision in 
the study of those structural characteristics not visible 
with the metallurgical microscope. This has brought about 
the development within the last 20 years of the electron 
microscope. The name arises from the fact that electrons 
are utilized as a means of “illuminating” the object to be 
examined. In Fig. 1 the increase of power of resolution of 
electron micrograph is evident in comparison to the light 
micrograph of the same area. 

Present design of the electron microscope is based on 
transmission of electrons through the object to be viewed. 
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This leads to certain disadvantages 
for use in the examination of metal 
structures and necessitates develop- 
ment of specialized techniques of 
specimen preparation. It is the pur- 
pose of this paper to guide the metal- 
lographer in making such use of the 
electron microscope and acquaint him 
with a procedure that has been found 
satisfactory for making surface repli- 
cas of metallic specimens. 

Since all material absorbs elec- 
trons, only very thin sections, either 
of the specimen or reproductions of 
the specimen surface, can be examined 
in the transmission-type microscope. 
Sufficiently thin sections of metal are 
very difficult to prepare for study of 
metal structures with the electron 
microscope; therefore, the technique 
of making plastic reproductions or 
“replicas” of the metal surface has 
been developed. These thin replicas, 
which are about 500A units in thick- 
ness, may be either negative or posi- 
tive. Single or negative replicas (which 
represent “castings” utilizing the metal 





Fig. 2 Deformation Marks and Twins 
in Cartridge-Brass Tension Specimen 
Produced by Subjecting It to Maximum 
Load After Electropolishing. Negative 
parlodion replica shadow cast with 
chromium at an angle of 3 to 1. 6000 


of Replicas 


Metallography 


University of Illinois 
Urbana 


surface as a mold) offer advantages for the 


study of fine detail. Sometimes the electron 
metallographer uses a double replica tech- 
nique in which a second thin replica or posi- 
The 
negative replica is heavy and strong; hence, 
it can be stripped more readily from rough 
etched than 
This process is tedious and laborious and is 


tive is cast from the original replica. 


or deeply surfaces parlodion. 


used only when the single negative replica 
cannot be successfully stripped. A _ greater 
amount of time is involved to make a positive, 
and some of the detail is lost through the 
double reproduction process. 

In addition to plastic replicas, metal oxide 
coatings and cast metal films have also been 
used. There are disadvantages with each type. 
Metal oxide replicas are produced on either 
aluminum or 
of the 


required for 


stainless steel but the surface 
altered by the 
removal of 


specimen 1s process 
the oxide replica; 
these oxide films are extremely fragile and 
therefore hard to handle. With plastic repli- 
cas, one of the disadvantages is a minor toxic 
effect of the solvent in which the plastic is 
This toxic effect 
to the metallographer at the time he applies 


dissolved. is most evident 


moisture from his breath to the parlodion film 

The steps required to make plastic parlodion 
replicas of a metal surface can be enumerated in 
the following manner: (a) material surface prep- 
aration, (b) applying and drying the parlodion, 
(c) stripping the parlodion film, and (d) shadow 
casting and hardening the film. In making satis- 
factory replicas, the metal surface must meet sev- 
eral requirements. It must not be too rough, but 
at the same time it is only because of surface relief, 
which is reproduced by variations in thickness of 
the replica, that an image can be seen in the elec- 
tron microscope. If the surface is too rough, the 


replicas will not readily strip off because of 


mechanical “keying” with the roughened surface 

In preparation of steel surfaces, the ordinary 
metallographic polishing procedures are used fol- 
lowed with a very light etching; such as required 
1000 x with the light 
If the surface of the metal is over- 
etched, it should be repolished and etched a lesser 
amount. 


for magnifications above 


microscope. 


Some etchants will produce staining 
which is not visible in the electron microscope. In 
studies of slip and processes of inelastic deforma- 
tion, as shown in Fig. 2 and 3, an electrolytic 
polish gives a very smooth surface in which relief 
marks from straining are clearly evident. Electro- 
lytic polishing also is advantageous in producing 
smooth surfaces on single-phase materials without 
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Fig. 3 Deformation Marks Formed on Cartridge- 
Brass Tension Specimen, Negative parlodion replica, 
shadow cast with chromium at an angle of 3 to 1. 
(Black spots caused by foreign particles that deposited 
on surface when the replica was stripped.) 11,000 


cold-working or flowing of the surface of softer 
metals, such as brass and aluminum. 

The plastic film is formed by flowing a 
solution of parlodion of proper concentration 
on the metal surface and allowing it to dry in a 
vertical position. This solution is made by dis- 
solving chemically pure parlodion (prepared by 


Mallinckrodt) in 50% ether and 50°% amyl ace- 
tate to give a 1° solution. 


This solution is then 


Fig. 4 


oz 
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Macrograph of 200-Mesh Grid With Cellophane Tape 
on Top Side and Parlodion Film Below; Junction of Tape 
and Parlodion Film Is Visible as a Line Around the Grid. 
Circle enclosed area examined in electron microscope. 30 x 


progressively diluted to approximately 0.5‘ 
until a straw-yellow to light-blue diffraction pat- 
tern is produced from reflected light when the 
solution is dried on a glass laboratory. slide. 
The yellow to blue diffraction color is a measure 
of the concentration needed to produce proper 
thickness of parlodion film for use in the 
electron microscope. 

Stripping the parlodion film is accomplished 
by use of moisture to break the bond, and a grid 
and scotch tape to support the thin parlodion 
film. The details of stripping are as follows: 
After the parlodion film is dry, a 200-mesh stain- 
less steel screen grid 


see Fig. 4) is placed over 


the desired area. Moisture is supplied by 
breathing on the film several times to break the 
bond with the metal surface. The scotch tape 
is pressed as quickly as possible against the area 
moistened by the breath, and then lifted. This 
is a very important step leading to successful 
stripping of a replica. It is thought that moisture 
condenses on the cold metal surfaces after dif- 
fusing through the parlodion film. This detaches 
the film from the metal surface and the floated 
film with supporting grid is then lifted from the 
metal surface by the use of scotch tape. After 
successfully stripping the grid, it is detached by 
tweezers from the scotch tape and placed on a 
glass slide in preparation for shadow casting. 
In many instances it will be possible to strip 
several grids with films at one time. 

Since the parlodion replicas generally 
do not have enough thickness variation to 
produce images of good contrast, shadow 
casting is employed to increase the dif- 
ferential transmission or absorption of 
electrons by the replica. Shadow casting 
is done in an evacuated chamber (10° 
mm. pressure of mercury or less) by 
evaporating a thin layer of some heavy 
high-melting point metal or alloy onto the 
parlodion film which is supported by 
the screen grid. 

One reason for the high vacuum is to 
insure straight line paths of evaporating 
metal ions. If the paths are not straight, 
due to collisions with air molecules in the 
evacuated chamber, the shadows pro- 
duced are not sharp; this induces some 
limit on the resolution obtainable. The 
metals or alloys used in shadow casting 
are chromium, palladium, platinum, gold, 
uranium and alloys of palladium and plat- 
inum. Since heavy metals such as these 
absorb electrons or offer greater resist- 
ance to their flow, they are deposited on 
the replica to enhance the contrast. 





The metal is evaporated from a_ heated 
filament and is projected at an angle about 30° 
with the surface of the replica. The filament is 
made of 20 mil. (0.020 in. diameter) tungsten 
wire in the shape of a conical basket. The shape 
is produced by winding the wire around a small 
wood screw to form the basket; when removed it 


forms a container for the metal to be evaporated. 


Fig. 5 Area of Cartridge-Brass Tension Specimen 
Similar to That Shown in Fig. 2, Except That the 
Surface Was Electro-Etched Prior to Plastic Defor- 
mation. Negative parlodion replica shadow cast 
with chromium at an angle of 3 to 1. 6000 » 


The amount of metal, such as chromium or 
palladium, that is loaded into the basket depends 
on distance from filament to parlodion replica. 
If the distance from filament to replica is about 
3 in., the amount of palladium to be loaded in 
the filament basket is about ¥, in. length of No. 
20 gage wire. The metals have high rates of 
evaporation at or slightly above the melting 
temperature at the very low pressures used in 
shadow casting. The temperature of the filament, 
which is controlled by a Variae (continuous 
variable transformer), should be progressively 
increased until the metal in the basket melts and 
evaporates. The metal ions travel in straight 
paths to the surface of the replica which is thus 
coated with metal, except where a surface irreg- 
ularity intercepts the beam of ions and shields a 
small area thereby leaving a metal-free shadow. 
The metal which would have covered the region 
of the shadow piles up on the exposed or raised 


face of the surface irregularity and forms a 
relatively dense deposit. 

In the electron microscope, the areas of 
shadow transmit electrons and thus are bright, 
whereas the areas built up with metal absorb 
electrons and are dark. The height of surface 
irregularities on the replica may be estimated 
by the length of the shadow and the angle of 
incidence used in shadow casting. Thus shadow 
casting serves two purposes: (a) To increase 
contrast and (b) to aid in the estimation of the 
approximate height of surface irregularities on 
the replica. 

Processing time required to shadow cast 
depends primarily on the time required to 
evacuate the chamber; generally, about 30 to 45 
min. Time required to evaporate the metal is 
only a few minutes. 

After shadow casting, the parlodion replica 
(attached to the grid) is ready to be hardened 
chemically before being put into the microscope 
The hardening process is essential to prevent the 
film from being split and destroyed by an intense 
This 
hardness is achieved by dipping into carbon 
tetrachloride which promotes faster drying. 
After chemical hardening, the grid with parlo- 


beam of electrons in the microscope. 


dion replica is placed into a special removable 
holder in the electron microscope. The film may 
also be hardened in the microscope itself by 
slowly and carefully heating the film by con- 
trolling the intensity of the electron beam. The 
electron micrographs contained in this report 
were enlarged from 2 x 2-in. lantern slide nega- 
tives made in the RCA 
Type EMC. 

When all factors such as wave length of 
illumination, numerical apertures and faithful- 
ness of reproduction of parlodion replica are 


Electron Microscope, 


considered, the electron microscope extends our 
limit of resolution to about 100A units. The 
resolving power of the light microscope using 
blue light is about 2000A; when white light is 
1000A. Hence, 
there is a 20 to 40-fold improvement of electron 
over light metallography. 


used, the resolution is about 


With this gain in 


resolution and the ease of preparation of par- 


lodion replicas from metal surfaces, the metal- 
lographer has a valuable tool to extend our 
knowledge of structure and structural behavior 
of metals. 
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Graphite-Spiral 


Furnace 


ry 

as FIELD of high-temperature metallurgy is 
well served by recording any advantageous mod- 
ifications of high-temperature generating equip- 
ment. <A graphite-spiral furnace, designed and 
put to use in the Polytechnic Institute of Brook- 
lyn metallurgical laboratory, 


merits a_ brief 


description as it might be adopted elsewhere 
either for research or production purposes. 
The turnace differs from the conventional 
graphite-spiral type in that it has only one rigid 
mechanical connection of the heating coil; the 
second rigid joint being eliminated by having the 
end portion of the graphite spiral suspended in 
This innovation insures ade- 
quate electrical contact and elim- 
inates the 


powdered graphite 
precision machining 
heretofore necessary for good 
alignment and fitting of the com- 
ponent parts. Also, chances for 


breakage of the fragile spiral 
during assembly and furnace op- 
eration are considerably reduced. 

Additional advantages pro- 
vided by this 


following: 


design are the 


1. Temperature ceiling above 4000° F. 
2. Very fast heating rate. 

3. Control of temperature at a level required 
by controlling the heating current input. 

i. Enlarged uniform temperature zone. 

». Long life of the heating spiral. 

6. Possibility of employing inert atmospheres. 

7. Rigid construction. 

8. Possibility of using it for hot-pressing. 

9. Low labor and material costs. 

10. Possibility of adjusting the resistance of the 
heating coil to the available power supply and con 
trol equipment such as welding generators and 
transformers. 

These features make this furnace suitable 
for such uses as melting, calibration of optical 
pyrometers, heating for heat treating operations 
and for sintering and hot pressing. The advan- 
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tages listed under 9 and 10 should 
make it particularly attractive to 
those requiring high temperatures but 
handicapped by lack of funds. 

As may be seen in the accompany- 
ing illustration, the furnace is heated 
by element “A” which is made into a 
spiral out of a commercial graphite 
tubing. The spiral has a taper at one 

end for attaching it firmly to the cylin- 
drical graphite block “B”. This block 
rests on the top of the furnace body 
made of insulating material. The side 
of the cylinder “B” is tightly encircled 
with 14 x 2-in. copper strip, one end of 
which extends horizontally and is 
screwed to the vertical bus bar “C”. The bus 
bar is rigidly anchored to the top of the furnace 
table and ends with the cable-clamping terminal 
“Dp”. This arrangement prevents any transfer of 
forces onto the spiral from the current supply 
cable. The second clamping terminal “D’”’ is for 
the same reason fixed to the soapstone top. is 
connected to a ‘x-in. thick copper plate “E”, 
which is slightly elevated above the furnace top 
by means of supporting copper bars “F”. A 
thick graphite crucible “G” rests on this platform 
and provides the furnace cavity in which the 
heating spiral hangs. The heating current cir- 
cuit is completed by a quantity of powdered 
graphite deposited on the 
bottom of the crucible. The 
lip of the crucible “G” is 
insulated from the graphite 
block “B” by a ring “H” 
which is of good quality 
refractory cement The 
outer shell of the furnace 
provides thermal insulation 
as well as mechanical sup- 
Two transite rings “I” and “J” form the 
top and an outer part of the bottom of the fur- 
hace proper. 


port. 


These rings are separated by a cylindrical 
steel shell “K”, and secured by means of tie rods 
These are not shown in the figure. The space 
between the furnace wall and the graphite cruci- 
ble carries two layers of insulation, one of 
refractory cement “L” 
carbon “M”. 


For low-temperature work, the furnace is 


and the other of powdered 


*Dr. Balicki is professor of metallurgical engi 
neering at the Polytechnic Institute of Brooklyn; 
Mr. Kendall is now process metallurgist, Titanium 
Div., National Lead Co., Boulder City, Nev.; Mr. 
Orthman is candidate for a B.S. degree at Polytech 
nic Institute of Brooklyn. 
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Ltd 3 
Refractory Tronsite 


Cement 


Graphite Powdered 


Graphite 


Element, Only One 
Rigid Mechanical Connection Is Needed; Electrical 
Contact at Free End Is Made in Powdered Graphite 


By Suspending the Furnace 


\ Spiral element Top transite ring 
3 Graphite block Bottom transite ring 
Bus bar K. Steel shell 
Cable terminals L. Refractory insulator 
Copper plate platform M. Carbon insulator 
Copper support bars O. Furnace closure 
' Graphite crucible P. Shutter 
Refractory ring R. Crucible pedestal! 
S. Gas delivery tube 


I 
(. 
D,D 
E 
I 
I 


closed with a stopper made of graphite. For 
high-temperature work, where radiation losses 
during opening of the furnace for inspec- 

tion or temperature reading considerably 
affect the temperature level, a furnace clo- 


thus is responsible for an increase in length of 
the uniform temperature zone. To take full 
advantage of this condition, it is only necessary 
to employ thick-bottom crucibles or a short ele- 
vating pedestal “R” to bring the charge into the 
uniform temperature zone. The fact that the 
pedestal is short and thus not subject to break- 
age by buckling, as well as the fact that it rests 
on a firm understructure, enables this furnace to 
be used for hot pressing work. It will be noticed 
that changing the distance between the end of 
the spiral and the bottom of the crucible or, 
alternatively, changing the grain size of the 
graphite powder, makes it possible to extend the 
uniform temperature zone almost to the very bot- 
tom of the spiral, this helps when large compres- 
sive forces are used or long objects are heated. 

The high rate of heat flow through the bot- 
tom of the furnace, due to the “hot bottom” 
effect, calls for adequate cooling of the copper 
plate “E”. Water cooling was contemplated but 


rejected as unduly complicating the furnace 
Instead, straight convection cooling was adopted 
and found adequate. To enable the air to flow 
near the plate, the latter was elevated by copper 
bars “F” 


slate top for better ventilation. 


and a series of holes was drilled in the 


Normally, the furnace cavity has a slightly 
carburizing atmosphere. When this is objection- 
able, an inert gas can be introduced into the 
furnace by means of the tube “S” 

The heating spiral deserves a little more 


attention because it determines the furnace 


Operating and Physical Data of Element 





sure “O” is used. It is made of two carbon 
rings which are held in alignment with the 
furnace opening by locating pins. The top 
ring has a recess for a gilica window, and 
on the bottom side a slot for the sliding, 
shutter “P”. 
tangular piece of graphite with a round hole 


off-center 


The shutter is made from a rec- 


For inspection or temperature 
reading, this hole is brought into alignment 
with the axis of the furnace. At other 
times, the solid part of the shutter effec- 
tively closes the furnace. The bottom ring 
merely elevates the shutter above the fur- 
nace top for easier sliding 

The furnace, unlike its original version, 
develops the highest temperature not in the 
middle but near the bottom, the numerous 
ares between graphite 


particles being 


responsible for this effect. The high rate of 


heat generation in this part of the furnace 





more than compensates for heat losses and 


PoWER 10 Kw Lec. 


SPIRAI 


PERFORM 


generator, 250 amp. 


SUPPLY maximum, continuous voltage 


control between 0 and 40 volts. 


2-In. id. graphite tubing, in. 
ELEMENT wall thickness, over-all length 
9's in., slotted length 7's 


slots per ft. of in 


in., 22 
distance 
between slots. 
Room temperature resistance 
ANCH across the furnace terminals 0.3 
ohm. Maximum 
reached 3550° F., maintained 
within *25° F. for 2 hr. Power 
input at maximum temperature 
6.1 kw 
readily 


temperature 


Lower temperatures 


maintained by voltage 
rotal heating time to 
2000° F.. approxi 
mately 30 hr. Spiral after 30-hr 


operation 


control 
date above 
(without inert gas 
protection) shows no oxidation 
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performance. A new furnace has to have a uni- 
formly heated space the size of which is usually 
known. This space is first expressed in terms of 
inner diameter of standard graphite tubing and 
in tube length. The latter dimension is subse- 
quently increased by about 50% to provide for 
the tapered connection and for portions that will 
exhibit temperature gradients. A commercially 
available wall thickness is then selected 

Spirals with different electrical resistance 
can be obtained from such a tubing by employ- 
ing different slotting pitch, different slotting 
width, or by reducing the original wall thickness. 

When the power supply on hand has a lim- 
ited range of voltage and current, a_ heating 
spiral with optimum resistance is needed to per- 
mit maximum power input. The latter, it will be 
remembered, together with the furnace insula- 
tion, governs the temperature ceiling of the fur- 
nace. The matching of the spiral to the power 
source is done in the following manner: 

A length of tube is first tapered on one end, 
cut to exact length and then slotted in a miter 
box. A thick hacksaw blade guided by a slot 
suitably inclined to the miter box axis is all that 
is needed for this task. A spiral thus made is 
fitted to the furnace and tried. If it draws more 


Welding Fractures 


‘ 

& chim to what seems to be the practice of 
some people in welding, | am going to state 
very flatly that we do get failures. Furthermore, 
I think we will continue to get them until we 
give a little more thought to what causes them 
and make use of some of the information which 
has been developed in the last several years. | 
don't believe there is very much reason any 
more to have welding failures. We don’t know 
the whole story, but I think we do know enough 
to prevent most failures. Now 
let's pause a few moments to see 
what we do know 

First of all, welding failures 
are not restricted to large strue- 


tures such as ships or bridges 
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power than the rating of the power source, the 
resistance of the spiral must be increased. When 
only a small increase in resistance is needed, 
heating the spiral in air may be resorted to; this 
will oxidize the spiral, decrease its thickness and 
thus increase the resistance. To obtain a large 
increase of resistance, a new spiral will have to 
be made employing a greater number of slots per 
foot. Should the first spiral develop too low a 
temperature and take less power than is avail- 
able, either a lower-resistance spiral is needed 
or the thermal insulation must be improved 
The fitting of the furnace to the power source 
is completed when the furnace develops the tem- 
perature ceiling demanded. Any temperature 
lower than the maximum can then be maintained 
by reducing the power either by voltage control 
or by 


. 


‘on and off” power input. The operating 
and physical data of the installation are given 
in the table 

Altogether the furnace behaved satistacto- 
rily. However, more economical operation, as 
well as a higher temperature ceiling, would be 
possible with a better thermal insulation and by 
enlarging the cross sections of copper parts. 
Because the graphite closure oxidizes excessively, 
in the future it will be of refractory material. © 


They occur on structures of very much 
smaller size. I have seen so-called 
“brittle” failures occur in structures 
where the main member was no more 
than *, x 2 in., so we have to recognize 
that there may be some dangers in 
structures of most any size unless we 
follow certain precautions. 

Now what is it that causes the 
welding failure? The causes can be 
classified under three heads. — First, 

and | put this one first because I believe it is 
probably the most important, is that of improper 
design. I am not going to say too much about 
improper design because this is a session on 
metals. | am going to say a little bit more about 
the metals, which I would classify as the second 
most important factor and one about which we 
can do quite a bit. Specifically, this pertains to 
poor steel, or steel which is not of the proper 
quality to give good service in welded structures 
under service condi- 
tions. Then we have 
the third factor, poor 
welding practice. We 
are not going to say too 


Berkeley much about this except 





to point out this factor. 
can be done by design. 


Here again a great deal 


It must be remembered that any one of these 
factors might cause a failure, although in most 
instances we invariably find two or more of 
them are present when we have a serious weld- 
ing failure. Very frequently we are confronted 
with the problem of whether the egg or the 
chicken came first, but on the other hand, we 
have often committed some atrocious crimes in 
It has 


been said for a good many years that we can't 


connection with design used for welding. 


just take riveted design and weld it, and cer- 
tainly we have learned this in connection with 
welding failures 

What is it that we must remember? First 
of all, very frequently we are dealing in welded 
design with a one-piece or monolithic structure 
and this creates some inherent hazards. If a 
fracture does start in such a weldment it is very 
apt to go throughout the structure and cause 
complete failure. That is not the case when we 
are dealing with certain other types of construc- 
tion. However, this is not a serious problem; it 
is simply one that we have to recognize and take 
into account. Second, we have to remember that 
it is very easy, much easier with welding than 
with riveting, to introduce notches into a struc- 
ture and I think we have to be certain that we 
take a broad definition of this term notch as 
being any severe change in the cross section. It 
is so simple with welding to join a couple of 
pieces so as to create a notch. It is also possible 
to do it, of course, through poor procedure. 
What we have to remember is that much can be 
accomplished through proper design. 

I would like to say a few words relative to 
welding technique. One important point is 
be careful of what may appear to be insignificant 
in your welding practice. Little simple things 
like striking an are may not be given much con- 
sideration — yet more than one failure has been 
traced to the point where a welder struck an are. 
This is an insignificant thing; you can barely see 
it on the plate. But we may have to revise some 
of our thinking about welders just striking the 
are anywhere and starting off making a weld. 
We may have to provide proper procedures for 
letting them strike the arc down in the groove 
where they will go over it again. Attaching mis- 
cellaneous clips and brackets may also cause 
trouble if done indiscriminately. 

We have such things as preheat and post- 
All the tests I have 
made to date indicate that you get just about the 


heat treatments to consider. 


same advantage from the standpoint of weld per- 
formance by using 400° F. preheat as you get by 


using 1100 or 1200°F 
ment 


postwelding heat treat- 
Yet, many of our codes specify that we 
must postheat and will not allow us to substitute 
preheat. I have been unable to find proof that, 
as far as weld performance is concerned, post- 
There 
are a few exceptions, but I am talking about the 
ordinary 


heat is any better than preheat treatment 


structural steels. We need to learn 
more about these things and understand what 
has been done. Preheat has been an extremely 


effective practice; some of its metallurgical 


results are rather astonishing. We need to rec- 
ognize that ordinary, so-called low-carbon steels 
of the type that have been normally welded can 
be damaged metallurgically in the welding proc- 
ess. It's not just when we get up to the high 
carbon steels that trouble may be encountered. 
Some of these procedures, problems and _ tech- 
niques we will need to get acquainted with if we 
are going to weld structures that have to be sub- 
jected to low-temperature conditions 

The American Welding Society specification 
for welding a relatively thin plate to a heavy 
member stipulates that such weldments be fur- 
nace stress-relieved. A procedure we can use 
under conditions where there are inadequate 
facilities for this treatment is to use preheat. 
Properly used, it is about as beneficial as post- 
welding heat treatment. If one would, in this 
case, preheat both the heavy and thin sections, 
and see to it that the thin section is kept heated 
so that it won't cool too rapidly, I am quite con- 
vinced one could get all the benefits that would 
be obtained from the other treatment. This 
could be done with an ordinary heating torch, or 
with a sealing torch —- it works beautifully. 

It would be advisable to specify an allow- 
able rate of cooling for the thin member, and 
If the 
thin member is kept up to about 200 or 300° F. 
until the welding is completed and then just a 
little heat retained on it so that instead of cool- 
ing in a few minutes it cools in 10 or 15 min., 
there will be little chance of any trouble. 

Most of us have heard a great deal about 
how many Liberty ships failed, but I suspect 
very few of us have heard anything about how 
many Victory ships didn’t fail. That not one 
Victory ship has had a major failure can be, I 


this doesn’t have to be a very slow rate. 


think, attributed primarily to changes in design 
Incidentally, they were designed very well from 
the welding standpoint, although I wouldn't say 
that the ultimate in design was used in all 
respects 


This is largely because the policy 
adopted was somewhat like that assumed by a 
patient who, when told by a doctor to take one 
pill, figured if one was good, 10 would be better, 
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so the designers used more metal than I think 
there was any necessity for But the fact 
remains that there haven't been any Victory ship 
failures. 

It is interesting to note from the record of 
the service failures in ships that where the 
design was poor, the percentage of failures was 
high. For example, if one considers the original 
Liberty ships, which had some very poor design 
features, one has a figure of 19.45 (a relative 
figure For an all-welded Liberty ship, but 
with some improved design details, the figure is 
down to 3.56; cut roughly to 1, of what it was 


before through improvement in design. As 
another example, it has been demonstrated that 
a certain type of structure using a poor design 
will fail at about a million and a half pounds 
load but by designing it properly and actually 
using less metal it will withstand a load of 
31, million pounds. I think those figures ought 
to be enough to call attention to the importance 


of good design in eliminating a lot of difficulties 
REQUIREMENTS OF WELDABLE STEELS 


Now, when we start talking about design, 
we have to remember that steel welded into large 
structures behaves quite differently than in a 
small test specimen. This brings up the factor 
of steel quality. The thing we have got to deal 
with is the question of transition temperature 
shows what 


Figure 1 happens when Charpy 














ure. °F 
“, 


Fig. 1 rransition Curves for Small Test Specimen 
of Steel Obtained With Charpy Keyhole Notch Test 


V-notch tests on a given steel are made at vari- 
ous temperatures. Most any steel tested in this 
manner will reveal that, in the presence of a 
notch, the energy required to fracture it at ele- 
vated temperatures is rather high, but as the 
temperature is lowered and the tests continued, 
the energy 


drops off very Unfortu- 


nately, the ordinary tests that we have had until 


sharply 
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recently did not give us a true indication of the 
temperature at which the steel might cease to 
behave in a manner in which it would absorb 
high energy and start behaving in a manner 
where it absorbed very little energy, or change 
from a ductile fracture to a brittle-type fracture 
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Fig. 2 rransition Curve for the Steel 


of Fig. 1 but Welded Into Large Structure 


Therefore, we must recognize in our design that 
we need some more information about our steels 
For example, Fig. 2 shows a transition curve for 
the same steel as used in Fig. 1 but when 
Note that 
there is about 85° F. difference in transformation 


welded into a large, rigid structure. 
temperature. We have learned a lot about steels 
in the last few years, but we still don’t know 
all we want to know 

Let’s consider some of the effects of the 
various constituents that we find in steel. For 
example, it has been found that increasing the 
carbon about 0.10% will increase the tempera- 
ture at which steel fails in a britthe manner by 
about 40° F 
sity for keeping the carbon content low if we are 


so we emphasize again the neces- 


going to use a welded structure for low tempera- 
tures. It has been demonstrated that grain size 
is very important. This can be very well con- 
trolled, as you know, by the finishing tempera- 
ture at which we finish the rolling. Changing 
the finishing temperature from about 1650 to 
1850° F 


about 45° F., which means that you may have a 


increases the transition temperature 


steel at ordinary service temperatures which 


may very easily fail in a brittle manner 
The vanadium content is very critical. If 





vanadium is increased by about 0.10, the tran- 
sition about 70°F. 
Manganese, on the other hand, lowers the tran- 
sition 


temperature is increased 


temperature very markedly; so, if we 
increase the manganese from about 0.4 to 0.8% 
it will decrease the transition temperature by 
about 15 to 20° F 


going to 


The point is, that if we are 


use steels in welded structures which 
have to operate at reasonably low temperatures, 
and this 


this country during the winter, we have to be a 


means climatic conditions in most of 
little bit careful what we specify for our steels 
Unfortunately, most of our specifications are not 
good enough; they just do not give us the steel 
that will be adequate at these temperatures. We 
One of the first 
the 
American Bureau of Shipping with a new speci- 
fication for a steel that will be quite satisfactory 
for 


may need better specifications. 
steps in this direction has been made by 


service conditions which are apt to be 


I think we are going to 
specifications rewritten if 
going to use steels in welded structures that have 


encountered by ships. 


have other we are 


to be subjected to low temperatures, particularly 
in large structures 


d Notch 0O05-in. Deep 
n. Vertex Radius 


Vertex Angle Thickness 











Grou Plate 


Fig. 3 Kinzel Bend 


The problem is how to write such a specifi- 


cation, or probably more important to you, how 
to test the steel to find out whether it’s going to 
be adequate. I pointed out that the Charpy bar 
test does not give a very good indication. There 
have been several tests devised and probably one 
of the Kinzel bend test 
shows the essentials of the Kinzel test. It will 
the perform when 
welded and will tell the temperature at which 
the transition will take place. As a rule, the 
actual transition temperature in the welded struc- 
ture 10 to 20° higher than the 
Kinzel test specimens show, but at least it is a 
much better indication than the Charpy bar. 

I don't feel 


best is the Figure 3 


indicate way a steel will 


may be from 


very optimistic regarding the 


rest Specimen Indicates Behavior 
of Steel When Welded and Its Transition Temperature 


possibility of converting a transition tempera- 
ture as determined by a Charpy impact test to 
the transition temperature as determined by the 
Kinzel bend test, or other types of tests for eval- 
uating transition has been 
found that while any of the notch tests will clas- 
sify the steels in their relative order with fair 


accuracy, they do not have the kind of relation- 


temperatures It 


ship that will permit the use of a conversion 
factor to get an accurate transition temperature 
in an actual structure. Then there is a further 
problem; the Charpy test tells only about the 
steel, but not about how the steel behaves when 
welded because The 
test, involve a 
weld bead for the notch and that, I think, is abso- 
lutely essential. Welds must be in the metal if 
tell how 
welded structure 


there is no weld in it 


Kinzel and one or two others, 


one is to it is going to behave in a 


Another thing we need to know more about 


is the effect of hydrogen. There is still much we 


do not know about this and there are several 


indications that it may play an important part 
“brittle” 
I think we must get acquainted with 


in many failures. 

some of these problems so that, if we are 
going to use steels in welded structures, or 
supply steels for use in welded structures, 


= we will be able to have one which will meet 


service conditions. It may increase the cost 


a 


of our steel, but it’s only going to be a very 


small amount. However, we will be able to 
use welded structures that will serve under 
all conditions, and because of the inherent 
savings made through the welding process 
and in the amount of steel needed, the total 
cost will be considerably less than if we 
were to use some other type of construc- 
tion. The inherent advantages of welding 

are so evident and time-proved that it is 

folly for the engineer to fail to learn the 
requirements that go along with its proper utili- 
zation. Most welding failures have not shown 
much wrong with welding, but they have demon- 
strated lack of knowledge and understanding on 


the part of some who use it. Se 
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Current Russian 


Metallurgical Texts 


’ 

ocialistic organization of industry and 
labor began to be formulated at the moment 
of the accomplishment of the Great October 
Socialistic Revolution, when the proletariat 
of Soviet countries, under leadership of the 
Bolshevik party, took into their own hands 
the management of industry. “For the first 
time, after centuries of toiling under harsh 
and involuntary bondage to exploiters, there 
arose the opportunity of service for self, 
and moreover service which depended upon 
everyone for the winning of the newest 
science and culture.” 


Thus begins a 1950 Russian text, written 
for purposes of explaining the methods of Com- 
munism applied to the ferrous metallurgical 
industry. The included quotation is taken from 
the writings of Lenin. The 488-page book, 
“Technical Standardization in Ferrous Metal- 
lurgy”, by S. M. Levin, L. M. Lieberman, M. B. 
Kotok, and B. B. Gildinier on the staff of the 
Ukrainian Scientific Research Institute for 
Metals and published by the Soviet government, 
proceeds with extensive time-motion studies, 
organizational schemes, and formulas for deter- 
mining normal output: 


T-—t,-t t 
t 


Duration of shift, minutes 

t_.= Time for preparing and 
concluding work 

lime for subsidiary work 


r 


N 


where T 


lime for regulated intermissions due to 
technical causes 
rime for relaxation, specified by the work 
authorities 
Time spent in fundamental operations 
on a single unit of produce 
On the basis of these and similar economy 
formulas: 


L | te « 8) 
E i a ist J 
+ }) 
the salaries of Russian metallurgists are based! 
In peace or in war, Americans from now 
on will have constantly before them Russian 
words, Russian works, and probably the Rus- 
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By Carl A. Zapffe 


Consulting Metallurgist 
Baltimore, Md. 


sians themselves; and the present 
increasing tendency of universities 
and colleges in this country to teach 
Russian and to list that language as 
a requisite for advanced science de- 
grees is much to be encouraged. It 
is sheer alibi to bypass Russian tech- 
nical literature because of its alleged 
inferiority. That country has a re- 

search program easily matching 
America’s; its personnel includes many of pre- 
war Germany’s ablest minds; and the very core 
of the communist ideology is “Science is Power”. 
Some mediocrity should be expected; that, sim- 
ilarly, forms the healthy trunk of our own tree 
of knowledge! 

For the past several years the author has 
studied the Russian language because of this 
rapidly increasing desirability of reviewing first- 
hand its technical publications. In the past win- 
ter it became possible to study a number of 
their textbooks 
tions 


principally postwar publica- 
directly or indirectly concerning metal- 
lurgical subjects. Some of these will be briefly 
reviewed to give our American metallurgists a 
cross section of the status and progress in that 
country. 

Surprisingly extensive collections of Russian 
works are for sale by the following organizations 
in New York City, to whom acknowledgment is 
herewith made for their cooperation in supply- 
ing material for this review: 

Four Continent Book Corp., 38 W. 58th St. 

Rogers Book Service, 268 W. 23rd St. 

Stechert-Hafner, Inc., 31 E. 10th St. 

Russian scientific books are much less 
expensive than 
pected. 


might be ex- 
None of those reviewed 
here cost me more than $3.50, 
most of them being in the range 
of $1.00 to $3.00 


suggest a governmental subsidy. 


figures which 


Fundamentals of Metallurgy 


, By H. K. AvVeETISIAN 
Govt. Sci.-Tech. Pub.* (Moscow), 287 p. (1947) 


Although unimpressive in typography and 
format, this text has a technical content that 
will rank it high on any international listing of 
books for college use. A_ strictly comparable 
English text is not known to this reviewer, the 


*Eprror’s Nott The abbreviated name is 
Metallurgizdat; the full title is State Publishing House 
for Scientific and Technical Literature on Ferrous 
and Nonferrous Metallurgy. “Metallurgy” in Russian, 
as in German, primarily includes reduction and refin- 
ing rather than re-shaping or fabrication. 





principal distinction lying in the common bias 
of American writers toward process metallurgy 
and practical metallurgy. 

Instead, Avetisian’s book attacks the subject 
from all its foundations in the basic sciences, 
beginning with a treatment of ideal gases, pro- 
ceeding with a good coverage of metallurgically 
important thermodynamic relationships, deriv- 
ing the phase rule, describing binary, ternary, 
and quaternary constitutional diagrams, simi- 


larly introducing ionics and electrochemical 
theory, and then galloping across major interests 
in both ferrous and nonferrous fields, explaining 
them on the basis of the prior theoretical treat- 
ment. This latter section covers a comprehen- 
sive range: Construction and general principles 
of operation of ferrous and nonferrous furnaces, 
including the blast furnace; concentrating, dry- 
ing and roasting of ore; dust collecting; hydro- 
metallurgy, ferrous and nonferrous; distillation 
and sublimation; gaseous reduction princi- 
pally H, and CO processes for iron ore; slag and 
slag-metal theory, including the recent ionic 
theory. 

He wastes no words in this terse and rather 
impressive text, a circumstance which enables 
it to 
would expect from a “funda- 
The attack is 


outstandingly Continental in 


exceed considerably in scope what one 


mentals” opus. 


its exact and mathematical 
bias. No references appear in 
the text, 


diagrams 


and many of the 


are more or less 


familiar as redrawn Occiden- 


tal material. In an appendix 


ff 
ru 


\ 


there is a list of 27 refer- 
ences, most of them Russian, 
but it includes Schenck on 
steelmaking. No halftones 
appear, a photomicrograph 
of an ore sample being con- 
verted to a line drawing. 

in this 


Numerous items 


book attract one’s attention. 
First, the thermodynamic 
treatment of oxygen pressures 
of numerous metallic oxides > © Aesser 
is good, and a similar con- 
cern with sulphides is more 
In fact, 


suggests a 


extensive than usual. 
latter 
advanced treatment of copper-base alloys, par- 


some of this considerably 
ticularly copper-nickel, on which attention has 
recently been keen in both England and America. 

Second, the iron-carbon diagram is intriguing 
curve for the 


because of (a) a “reversed S” 


(1797-1851), Russia’s 
Pioneer Metallographer. 
from a halftone in Kashchenko’s text) 


austenite-ledeburite boundary (ours is straight 
b) a strongly downward-concave curve for the 
is convex | ’ 


austenite-solidus boundary [ours 


c) a slightly upward-convex curve for a, [ours 


is slightly concave); and (d) a designation of 
700° C. for a, 

Third, hydrometallurgy is given much atten- 
tion, apparently in keeping with the trend of the 


industry in 


ours is 723° 


Russia. Avetisian names hydro- 
metallurgy and pyrometallurgy as the two gen- 
eralized systems of process metallurgy, and in a 
tabulation shows that zine, particularly, is pro- 
duced in Russia by electrolytic means. 

Lastly, among minor points, there is an 
which, if 


equation conventional, has escaped 


this reviewer's education. It expresses the ionic 

self-reduction of iron: 
2Fe + Fe = 3Fe 

Fundamentals of Metallurgy 


By G. A. KASHCHENKO 
Govt. Sci.-Tech. Pub.* (Moscow), 639 p. (1949) 


In considerable contrast to an inferior text 
by A. A. 


governmental issue apparently intended for non- 


Bochvar on “Metallurgy”, a 400-page 


metallurgical engineers, Kashchenko uses much 


more space to cover less 
with a 
thodical 


educational on 


story, resulting me- 


treatment which is 
a metallurgi- 
cal level. Typography is also 
good, this being one of the 
better 


the standpoint of appearance. 


technical books from 
Beginning with an excel 


lent and a rather rare de- 


scription of Russian metal- 
lurgical history, accompanied 
by good portraits of a num- 
ber of leading personalities, 
Kashchenko states that Ana- 
sov in 1831 applied the micro- 
scope to metals to study both 
and 
structure, thus antedating 


macrostructure micro- 


Sorby in England by 30 years. 
While 


“something we 


this reminds us of 
heard 
idle 
has 
found mention of this in extra-Russian literature, 


(Sketched have 


before”, it is not an 


claim, for this reviewer 


and there is no need to question that Anasov was 


an outstanding metallurgist of a century ago, 


and it will be good to add herewith his portrait 
to the American literature. 


Better known outside Russia is Chernoy 
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usually transliterated as Tschernoff). Kash- 


chenko claims that Chernov discovered the 
critical points of steel and constructed a con- 
stitutional diagram 20 years before Osmond in 
France, and 30 years before Roberts-Austen in 
England. This cry of “first” seems a little over- 
done in contemporary Russian literature, even 
though there is truth in this particular report. 
On the other hand, Carl Benedicks has docu- 
mented the fact that J. F. 


the Ac critical point in 1778. 


Angerstein discovered 


In his careful development of metallurgical 
theory, Kashchenko presents a schematic Fe-C 
diagram which is reproduced in Fig. 2 because 
of its novelty. 

One of the Russian mysteries of principal 
interest to this reviewer concerns their practice 
on stainless and heat resisting steel. An excep- 
tion is the book on Fe-Cr-Al alloys by Korniloy, 
to be mentioned later. Published articles rarely 
disclose details of analysis or 
ho books 


processing, and 
translating 
although the reverse is true the 


seem yet available for 
Russians 
translate without so much as “by your leave” 
such texts as “The Book of Stainless Steels”, 
published by the @). 

Kashchenko gives some information on these 
steels in the course of his methodical discussion. 
three classifications 
chromium grades, Cr-Ni grades, and substitute 
Cr-Ni grades. 


He recognizes broad 
The following specific steels are 
named by him: 
MARK Cc Cr NI 
25M 0.20 23/27 
XISH8* 0.14 17/20 
XI4HM4B2 0.4/0.5 13/15 
*H is Russian for N 


OTHER 
0.8/1.2 Si 
8/10 0.4/0.6 Mo 
13/15 2.0/2.75 W 


The first two are direct analogs of A.LS.I. Types 
446 and 302, respectively. The third is a special 
austenitic grade for valves and high-temperature 
structural 
“12-12” 


service, suggestive of the English 
Compositions analogous to Types 420, 
440-A and 430 are also mentioned the latter 
being called “semiferritic’”’. 
Substitutional alloys are noted as follows: 
c Cr Ni MN N 
0.3 1: 16 
0.3 1: 8 
18 5 0.15/0.20 
In general, his description of these steels 
sounds well-informed, but some question arises 
when his discussion of sensitization focuses on 
carbon contents exceeding 0.10% and a temper- 
ature range of 500 to 700°C. (925 to 1300° F.) 
for such limits concern only the phenomenon in 
its coarsest manifestations. 


Nevertheless, this is an excellent book. 
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Akimov on Corrosion 


One of the finest of the international texts 
to be found on corrosion is “Theory and Methods 
for Studying the Corrosion of Metals”, by G. V. 
Akimov, published by the Academy of Sciences, 
U.S.S.R., in 1945. It is of superlative presentation 
and above-average Although its 


nearly the size of 


typography. 
414 pages is not Uhlig’s 
“Corrosion Handbook”, Akimov’s book contains 
many interesting things immediately stamping 
it as an original source and one which should 
The text 


among 


be consulted by students of corrosion. 
illustrated (373 


numerous attractive tabulations is one giving 


is well figures); and 


17 methods of corrosion testing. 


! 
! 
| 
' 


o the Atmosphere 
! 
=+ 
| 


Processes 


0d 


Direction 

f Reaction 
Direction of Movement 
nder influence of Field 


or Diffusion 


Chart Generalizing Corrosion Processes, 
According to Tomasheyv (Quoted by Akimov) 


Akimov is particularly interested in “multi- 


electrode” corrosion systems. A “two-phase” 
stainless steel, such as an unbalanced Type 316, 
provides several corrosion electrodes: a) aus- 


tenite, (b) ferrite, and (c) carbide.| The cooling 
system for a motor provides five corrosion elec- 
trodes, brass radiator, cast iron manifolds, alu- 
minum alloy pump, another aluminum cylinder 
head and a steel cylinder. He proceeds to discuss 
such systems both theoretically and experimen- 
tally, 


discharge to a common center, each one dis- 


under the supposition that the electrodes 


charges to its next neighbor, one receives the 
discharge of all others, and various combinations 
of the above. The chart shown above, general- 
izing the process of corrosion, is also good. 


A second text by the same (Cont. on p. 100 





SPOOL-TYPE SPECIMEN HOLDERS permit testing several materials under service conditions 
without risk of mechanical damage. Specimens make no contact with each other or with 


plant equipment ... thus, galvanic effects are prevented. 


Help for solving your 
INDUSTRIAL CORROSION 


PROBLEMS... 


Available for solving your specific problem is a vast 


amount of information on industrial corrosion. 


Acquired and catalogued by The International Nickel 
Company's Corrosion Engineering Section, this fund of 


data is constantly being increased. 


Valuable in‘ormation is obtained in various ways...for 
instance, by cooperative field tests in which specimens 
are exposed to actual plant operating conditions. Also, 
by fundamental investigations in the laboratory and by 
tests that duplicate, so far as practical, existing or ex- 


pected conditions where plant tests are impractical. 


A great deal of important data comes from INCO’s 
large scale marine testing stations at Kure Beach and 
Harbor Island, and from stations having industrial and 
rural atmospheres. In addition, technical literature, reports. 


and manufacturer bulletins contribute useful information 


Our files contain data from more than 2,000 plant tests 
on some 40,000 metal and alloy specimens. All informa- 
tion is tabulated on standard forms, and a punch card 


key sort system facilitates finding specific data. 


We freely provide the Corrosion Data Work Sheet, 
illustrated, for presenting your specific problems. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


ASSEMBLING A CORROSION TEST SPOOL. Speci 
mens ore machined to specified dimensions, and 
expose exactly 0.5 sq. dm. when mounted for test 


SET-UP FOR GALVANIC COR 
ROSION TEST. Knowledge of 
the galvanic behavior of speci 
mens is required for predicting 
direction of galvanic effects 








WRITE FOR BOOKLET 

















Whenever you need assistance in solving a corrosion 
problem, our Corrosion Engineering Section will gladly 
cooperate with you. A free copy of the new booklet entitled 
“Corrosion” may help you defeat corrosive attacks...write 
for it now. 


67 WALL STREET 
NEW YORK 5, N.Y. 
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T T 
Grade Carbon |Manganese! Nickel Chromium | Molybdenum | Notes B Ooron 


14B35 033/040 | 0.70/1.00 ; = 2.4 
14B50 0.47/0.55 | 0.70/1.00 5 and 


14B52 0.47/0.55 1.20/1.55 - 5 


TS4012 0.09/0.14 | 0.75/1.00 1 A a a 
40B37 Modified | 034/042 | 0.70/1.00 4 ? Ite rnate 
' Steels 


40 B37 Aircraft 0.34 0.42 0.70 1.00 - 
TS 4130 0.28 0.33 0.45 0.65 0.90 
TS4132 0.30 0.35 0.45 0.65 - 0.90 Lists Issued by A — 
TS4135 0.33 0.38 0.75 0.90 ‘ ied by merican 
TS4137 035 0.40 0.75 090 Iron and Steel Institute, 
1S 4140 3 ; 5 § ‘ - 
TS 4142 040/045  0.80/1.05 0.90 June 13 and July, 1951 
TS4145 0.43 0.48 0.80 5 0.90 Note 1—An interim alter- 
TS4147 0.45 0.50 0.80 1.08 0.90 nate ‘or tentative standard) 
TS4150 0.48 0.53 0.80 5 0.90 steel designed to conserve nickel 
pony - ri eo : - : ~ 0.90, 1.20 hens or molybdenuin. They apply to 
f 2/0.1 - 35 hot rolled alioy steels generally 
50 B 20 0 17 0 23 0.70/1.00 - 0.35, not exceeding 200 sq.in. in cross- 
50 B30 0.27/0.34 0.70, - 0.35 
50 B35 032/039 0.70, 035 sectional area, or 18 in. in width, 
5035 0330.40 0.70 0.20 or 10,000 Ib. in weight per piece 
50B37 0.34 0.42 0.70 0.20 They also apply to alloy steel 
50 B40 0.37/0.45 0.70 0.35 wire and to cold finished alloy 
50B44 0.42/0.50 0.70 0.35 steel bars 
TS50B46 0.43/0.50 0.7% 0.20 Note 2—For cold heading 
50 B49 0.47/0.55 70 0.3 and cold forging wires, for mak- 
50B50 0.47/0.55 70 ing components up to and in- 
50 B60 0.55/0.65 0.70 cluding ‘s in. in diameter. A 
80B15 0.12/0.18 0.60 0.20 0.40 group of five grades is intended 
80B17 0.14 0.20 0.60 0.20 0.40 to provide material for a wide 
80 B20 0.17 0.23 0.60/0. 0.20 0.40 range of parts produced from 
80 B25 0.21 0.28 0.60 0.20 0.40 . 
80 B 30 0.27 0.34 0.55 0.20 0.40 alloy steel wire For larger 
components, see Note 3 
Nore 3—For cold heading 
and cold forging wires, for mak- 
ing components over ‘y in. in 
diameter and up to % in. A 


80B35 0.32,0.39 5 0.20 0.40 
8035 0.32/0.39 7 0.20 0.40 
group of four grades is intended 
to provide material for a wide 
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Notes on Composition 
Phosphorus and sulphur lim- 
its for each process are 
Basic electric, 0.025% max 
Basic openhearth, 0.04% max 
Acid electric, 0.05% max 
Acid openhearth, 0.05% max. 
An exception is TS 8641 ‘(S), 
whose sulphur is 0.040 to 0.060 
Silicon range for each of the 
steels listed here is 0.20 to 0.35%, 
except that when made in acid 
openhearth or acid electric fur- 
nace, the minimum is 0.15% 
Incidental Elements — Small 
quantities of certain elements 
are present in alloy steels which 
are not specified or required 
These elements are considered 
as incidental and may be pres- 
ent to the following maximum 
amounts: Copper, 0.35°7 ; nickel 
0.25%; chromium, 0.20%; and 
molybdenum, 0.06 
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80 B37 0.34 0.42 0.20 0.40 
80B 40 0.37, 0.45 0.20 0.40 
80B45 0.420. 0.20 0.40 
80 B50 0.47 0.20 0.40 
80B55 0.50 0.20 0.40 
ones 0.55 0.20/0.40 range of parts produced from 
TS8115 0 - ; ' 0.29/0.40 0.08 alloy steel wire. For smaller 
ane : 18 oa na oa components use analyses under 
TS8122 0.20 /0.28 0.20 0.40 0.08 Note 2 
TS8123 (S) 0.20 7 0.20 0.40 0.08 Note 4— Designations with 
TS8125 0.23 0.20 0.40 0.08 B are boron-treated steels and 
TS8126 (S) 0.230: 0.20 0.40 0.08 can be expected to have 0.0005% 
TS8127 0.25 0.20 0.40 0.08 min. boron content 
TS8128 (S) 0.25 7 0.20 0.40 0.08 Note 5 — Boron-treated steels 
TS8130 0.28 0.20 0.40 0.50 0.08 0.15 developed to conserve nickel and 
TS8132 0.30 0.20 0.40 0.50 0.08 s molybdenum, and can be ex- 
TS8135 0.33 0.20 0.40 0.50 0.08 § . pected to have 0.0005% min. 
81 B35 aa 0.20/0.40 0 os ‘ boron content. Available as hot 
samas 038 . = : a 0 oe : rolled alloy steels generally, al- 
- pa : viet loy steel wire, and cold finished 
81B40 0.37 0.20 0.40 0.55 0.08 alloy steel bars 
TS8142 0.40 0.45 0.20 0.40 300.50 0.08 Se . 
TS8145 043 020 040 300.50 0.08 Note 6 — Sulphur content of 
81B45 0.42 0.5 7 0.20 0.40 0.55 0.08 TS8123, 8126 and 8128 is 0.035 
TS8147 0.45 7 0.20 0.40 0.50 0.08 to 0.050; of TS8641 ‘(S) is 0.040 
TS8150 0.48 F 0.20/0.40 0.55 0.08 to 0.060% 
81B50 0.47 0.20 0.40 5 0.60 0.08 
TS8155 0.51 0.20 0.40 0.55 0.08 
TS8160 0.55 0.20 0.40 0.55 0.08 
TS8165 0.60 0.20 0.40 0.08 
TS8615 0.13 0.40 /0.70 0.08 
TS8617 0.15 0.40 0.70 0.08 
TS8620 0.18 0.40 0.70 0.08 
TS8622 0.20 0.40 0.70 0.08 
TS8625 0.23 0.40 0.70 0.08 
TS8627 0.25 0.40 0.70 0.08 
TS 8630 0.28 0.40 0.70 0.08 
TS8632 0.30 0.40 0.70 0.08 
TS8635 0.33 0.40 0.70 0.08 
TS 8637 0.35 0.40 0.70 0.08 
TS8640 0.38 0.40 0.70 0.08 
TS8641 (S) 0.38 0.40 0.70 0.08 
TS 8642 0.40 0.40 0.70 0.08 
TS8645 0.43 0.40 0.70 0.08 
TS86B45 0.43 0.40 0.70 0.08 
TS8647 0.45 0.40 0.70 0.08 
TS8650 0.48 0.40 0.70 0.08 
TS 8653 0.49 0.40 /0.70 0.08 
TS8655 0.50 0.40 0.70 0.08 
TS8660 0.55 0.40,0.70 0.08 
TS94B17 0.15 0.30 0.60 0.08 
TS94B20 0.17 0.30/0.60 0.08 
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INGERSOLL-RAND SAVES MONEY 
by using AEROCASE® 510 Case Hardening Compound 


Steep angle toe-hole drilling with the FM-3 Wagon Drill. Inset 
yoke hoist worm. 


Iingersoll-Rand's R-58 Stopehamer. inset, tail-piece. 


Cyanamid’s heat treating compounds include: 
AEROCARB® Carburizing Compounds 
AEROCASE® Case Hardening Compounds 


AEROHEAT® Heat Treating Compounds 


In Conade: North Americon Cyanamid Limited, Toronto and Montreal 


| AEROCASE 510, together with AEROCASE 28, is used for 
carburizing and hardening the yoke hoist worm of Ingersoll- 
Rand’s FM-3 Wagon Drill. This SAE 1020 worm gear —finish 
machined prior to salt bath treatment—is carburized at 1500° F. 


for about | hour, oil quenched, to secure a case depth of more 
than 0.005”. 


2 AEROCASE 510 helps to harden a previously carburized 
“tail-piece” for the Ingersoll-Rand R-58 Stopehamer. The SAE 
1074 “tail-piece” is brought up to 1575° F. in an AEROCASE 510 
bath, and then oil quenched. The point of the “tail-piece” is 
heated in a lead bath to 1420° F., then brine quenched and 
tempered at 400° F. for two hours; final specification: point, 
61-62 Rockwell C; body, 50-52 Rockwell C. 


3 AEROCASE 510 is also used as a cover for the lead bath. 
It prevents the lead from oxidizing and also wets the part being 
treated, to prevent lead from sticking to it. This lead bath gives 
a very fast temperature penetration in a limited area, confining 
hardness to the tip of the tail-piece and preventing embrittle- 
ment of the body. 


This three-way use of AEROCASE saves Ingersoll-Rand money 
by simplifying their raw materials requirements. It is another 
example of how Cyanamid heat treating compounds can help you 
meet high specifications for civilian and defense contracts, so... 
Next time call Cyanamid first. 


mee 


Se] AMERICAN Granamid COMPANY 


30 Rockefeller Plaza, New York 29, New York 


© Please send me technical data on AEROCASE Case Hardening 
Compounds 


Please have technical service representative call. 


Name Position 





Company 


Address 








City. 


an ab en ean enenenenenenanana 
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REDUCE WASTE... 


FROM LADLE 


. in research and production .. . 
save materials and manpower .. . 
with the Bausch & Lomb complete 
line of metallurgical equipment 


TO FINISHE 


/ RESEARCH METALLOGRAPH-—See it... photograph 
eL. 


it... four ways! Four different accurate images of the 


same sample, for more complete identification. Exclusive, 


patented B&L features permit critical work with bright 


field, dark field or polarized light . . . 


with quick, 


easy change-over. For phase contrast work B&L 


accessories are simply, speedily attached. The 


“maximum use” instrument for visual observa- 


tion and photomicrography. Catalog E-240. 


|p / PHOTOMICROGRAPHIC 
EQUIPMENT MODEL L— 

With proper accessories 
this one unit provides vis- 
ual microscopy, high and 
low power photomicrog- 
raphy, as well as photo- 
copying. Catalog E-210. 


CM METALLURGICAL 
MICROSCOPE — For examina- 
tion of opaque objects, 
polished metal  speci- 
mens, similar materials. 
Catalog E-223. Tri-Vert 
Illuminator (optional) 
provides bright field, 
dark field, or polarized 
light. Catalog D-108. 
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| Wy Bausch & Lomb 


NEW! BALPHOT METALLOGRAPH— 4// new de- 


fh =~ 
STEREOSCOPIC WIDE 
FIELD ~MICROSCOPES —I nval- 
uable in preparation of 
polished metal  speci- 
mens, study of fractures, 
porosity, macro-etched 
specimens and other low 
power metallurgical 
studies. Catalog D-15. 


sign! The economy of limited capacity 
instruments, with bright field, dark 
field or polarized light and phase con- 
trast... and many other performance 
advantages of the highest-priced metal- 
lographs. Quick-action stage elevating 
device eliminates coarse adjustment. 
New Magna-Viewer projects bright, 
magnified screen images . . . ideal for 
grain size determinations and group 


viewing. Catalog E-232. 


WRITE for complete information to 
Bausch & Lomb Optical Co., 638-8 


St. Paul St., Rochester 2, N. Y. 





Equipment 





Boron Steels 


la 
* METALLURGICAL ADVISORY BOARD Was organ- 
ized at the request of the Research and Develop- 
ment Board by the National Academy of 
Sciences, National Research Council, to advise 
the Research and Development Board of the 
Department of Defense on research aspects of 
some of the nation’s most critical problems in 
metals. Within the limits of specific assignments 
it is to advise the Research and Development 
Board on the correlation, coordination, interpre- 
tation and application of metals research and 
development programs conducted or sponsored 
by the military services, suggest new projects o1 
reorientation of existing research, and collect 
and distribute such useful metallurgical infor- 
mation as can be gathered through consultation 
with professional societies, Governmental agen- 
cies and appropriate academic and_ industrial 
organizations 

In view of the widespread activity 
in the making and testing of boron 
steels, it appears desirable to bring 
together in one place the pertinent 
data and findings. The purpose of this 
report is to provide a factual summary 
of steelmaking practices, applications, 
and properties which can be used as a 
reference for furthering the applications of the 
boron steels and 


thereby critical 


This information was obtained through 


conserving 
alloys 
a comprehensive survey of the literature and 
from unpublished reports and communications 
from the producers and users of boron steels 
The Panel on Boron Steels, Division VIII of 
the Society of Automotive Engineers, the manu- 
facturers of ferro-alloys, and the alloy steel com- 
mittee of the American Iron and Steel Institute, 
have pioneered the manufacture and applica- 
tions. These groups have developed and stand- 
ardized the boron steels on the basis of 
duplicating the hardenabilities of the present 
alloy steels. Application of boron steels to spe- 
cific parts, such as gears, bolts, axles, and steer- 
ing parts have been studied on the basis of 
response to manufacturing processes and serv- 
ice, or simulated service testing of finished parts. 
The many individuals and groups who have 
engaged in this research and development have 
contributed to our national security by estab- 


By the Panel on 
Substitution of 
Alloying Elements 
in Engineering Steels 
Metallurgical Advisory Board 


lishing the foundation upon which these steels 
can be used as a potent means of conserving 


manganese, nickel, chromium and molybdenum. 
INTERCHANGEABILITY OF STEELS 


The present record-breaking production in 
the steel industry, accompanied by increased 
demands for engineering steels and alloys for 
high-temperature service, has created a serious 
shortage of several vital alloying elements. At 
present, nickel, molybdenum, tungsten, cobalt 
and columbium are in the “critical” category and 
it is not unlikely that chromium and manganese 
may also become scarce. The alloy shortage ts 
worse now than in World War II because 30° 
more steel is being produced in the United States, 
second, military and ordnance requirements for 
alloy steels are increasing but have not yet 
reached their peak, and third, jet engines and 
gas turbines are requiring much highly alloyed 
materials to withstand service temperatures 
Therefore, the “critical alloy” problem is not a 
temporary situation but should be considered as 
semipermanent because demands for these alloys 
with the 


domestic ore deposits 


will continue to increase and because 
exception of molybdenum 
are inadequate Govern- 
ment controls and wide- 
spread substitutions are 
only temporary corrective 
measures and will not 
eliminate the basic cause 
creating the shortage 
Within the past few 
years it has been recognized that the physical 
properties of the engineering steels, such as ten- 
sile strength, yield strength, elongation, reduc 
tion of area, and hardness are dependent upon 
the microstructure of the steel. American met- 
allurgists generally agree that all constructional 
steels, when quenched to 90 to 100° martensite 
and tempered, will have the same physical prop- 
erties at any given hardness level within the 
range of 200 to 400 Brinell hardness number. 
This has been confirmed by the successful sub- 


*The first report of the “Panel on Substitution 
of Alloying Elements in Engineering Steels” of the 
Metallurgical Advisory Board, the result of field 
work and meetings of the Panel and its subcom 
mittees. The Panel has performed its functions in 
accordance with a contract between the Defense 
Department and the Signal Corps, which was nego 
tiated at the request of the Research and Develop 
ment Board. Membership is as shown on p. 88. 

Issuance of this report does not necessarily 
represent concurrence of every member of the Panel 
in every statement of the report. 
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Conservation Is the True 


Objective 


stitutions made World War II 
shortages of certain alloys were experienced. 
Table I, interpolated from charts 
of physical properties for single heats, published 


by the producers of alloy steels, show that all 


during when 


The data in 


the usual physical properties are nearly iden- 
tical for an extremely wide range of analyses 
when compared at 150,000 psi. vield strength. 
At this strength, resistance to impact as meas- 
used by the Izod test also appears to be more 
dependent on carbon content than on any par- 
ticular alloying element. The interchangeability 
of these steels exists at other strength levels 
and other section sizes, provided their micro- 
structure is tempered martensite. As shown in 
Table I, the alloy content controls the tempering 
temperature necessary to bring the physical 
properties to a specific level 

Widespread 
short 


substitutions for critically 


nickel or molybdenum by using highet 
manganese or chromium contents will create, in 
turn, shortages in the latter. The prime objective 
is conservation of nickel, chromium, molybde- 
num and manganese by 


content of all 


establishing the alloy 

the 
performance 
the 


manganese 


engineering steels at lowest 
levels consistent with satisfactory 
rhe 
series 
the chromium and 
molybdenum steels is therefore unrealistic and 
suuld be the pro- 


iuction of 1300 steels would drastically increase 


Im service 
A.LS.L 1300 


for many of 


tendency to 
(1.60 to 


substitute 
1.90°; 

low-nickel, 
because 


avoided increasing 


the consumption of manganese, and the diversion 
or stocking of off-heats (which occur more fre- 
quently when making medium-manganese steels) 
would result in loss of applicable ingot tonnage 
and waste manganese. 

A major problem in the substitution of one 
engineering alloy for another is the determina- 
tion of the necessary equivalence. There is sel- 
dom an exact and complete substitute available. 
The ordinary engineering tests are useful only as 
a guide after the properties which are related to 
performance defined. Before these 
time-consuming and expensive service tests are 
undertaken it is desirable to do some laboratory 
work 


have been 


to determine whether or not a complete 


test involves both 


quantitative and qualitative considerations, tan- 


program is warranted. This 
gible and intangible factors, and consequently 
demands real judgment. 

Ordinary laboratory tests include the tensile 
hardness 


test, and 


From these 
tests, the ultimate strength, the vield strength, 


hardenability 


the elastic modulus in tension, the ductility as 
measured by elongation and reduction of area of 
the test specimen, the hardness and the response 
of the steel to heat measured 
The the 


steel’s resistance to impact, behavior at low tem- 


treatment can be 


quantitatively. tests do not evaluate 
perature or high temperature, response to com- 


pressive or repeated loading, its corrosion 
resistance, machinability, weldability, formabil- 
ity, wear resistance and other important charac- 
teristics. They do not evaluate the steel in terms 
of cost, availability, the use of alloying elements, 
and the ease of handling during fabrication. The 


proper evaluation of all the metallurgical, eco- 


Table I— Comparison of Properties of Steels Heat Treated to 150,000-Psi. Yield Strength 








(sRADE 


6130 
2330 
4130 
8630 


80 B30 


1340 
3140 
4140 
4340 
1640 
8740 
9440 
4150 
5150 


6152 


TEMPER 
Siz (°F.) 


SII (iRAIN 
OQuUEN 
rreaten ~CENCH 


1.00 
0.530 


Water 

Water 

0.530 Water 
530 Water 
875 Oil 
565 Oil 
930 Oil 
530 Oil 
530 Oil 
530 Oil 
065 Oil 
530 Oil 


Htods 
Hto8 
6 to 
Hto 
6 to 


1025 
S40 
925 
950 
840 
925 
925 

1020 

1050 
975 

1100 
920 

1160 

1000 

1125 

1040 


6 to 
6 to 
6H to 
6 to 
Oto’ 
6 to 
iD to 
7 to 
7 to 
6 to 
6 to 


530 Oil 
530 Oil 
565 Oil 
030 Oil 


ANALYS 


IS 


Harp Izop 


NESS 


TENSILE 


ELONG. R. A. 


Mo STRENGTH IMPACT 


1.03 (0.18 V) 160,000 , 61 ft-lb. 
163,000 . , 63 
165,000 § f , 57 


160,000 35 7 
162.000 7 47 


1.04 20 
0.48 
0.28 


» 


160,000 
167,000 
165,000 
163,000 
163,000 
160,000 
165,000 


0.60 
1.01 
0.78 


0.24 
0.26 
0.28 
0.28 
0.11 


0.21 


0.52 
0.32 
0.95 
O.80 
1.00 


0.52 


165,000 
160,000 
160,000 
166,000 


(0.17 V) 


0.25 
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Surface Harden for Surface Loads 


nomic and engineering factors is of the utmost 
importance, since proper selection will result in 
a steel the properties of which will permit ade- 
quate performance in service and will not be 
wasteful of alloys. 

The present shortage of alloying materials 
and the likelihood that this shortage will con- 
tinue that 


designs, and metallurgical practices be reviewed 


demands specifications, engineering 
to determine the minimum physical properties 
required for adequate service performance and 
the minimum alloy content which will insure 
The continued extrav- 
agant use of nickel, chromium, molybdenum and 


these required properties. 


manganese will impair our economic and _ politi- 


Table Il — Conservation 


flame hardening techniques have often entirely 
eliminated the need for highly alloyed steels in 
many machine parts because plain carbon steels, 
when treated by these methods, have proven to 
be adequate. Also, insofar as the heat treating 
the 


element boron for increasing hardenability, and 


steels are concerned, the potentialities of 


thereby reducing the total alloy requirements, 
have not been fully explored - but experience 
thus far has shown that savings in alloys can 
be obtained thereby 
CONSERVATION OF ALLOYS BY 
INDUCTION HARDENING 
Induction hardening techniques have been 
successfully applied to intricate or massive com- 
ponents produced in large volume where uni- 
form strength or hardness, throughout the entire 


of Alloys by Induction Hardening 





A.LS.1. 
GRADE 


PART 


Automotive crankshafts* 
Former grade 0.40 


0.46 


3140 
Induction hardened gr 1045 
Automotive axles 

Former grade 


4140 
1035 


0.40 
Induction hardened gi 0.35 
Tractor 


Former grade 


main drive gears! 
0.45 
0.45 


2345 

Induction hardened grade 1045 

Amount of alloy saved annually 
Automotive crankshafts 


Automotive axles 


15.500 ingot tons 
15,500 


rractor main drive gears 10,000 


lotals 41,000 ingot tons 





SPECIFICATION (MEAN) 


Mn Ni 


0.50 


0.75 


0.87 


0.75 


O.S0 
0.75 
22 O00 398.000 Ib 200.000 Tb. 
50.000 
16,000 


295,000 62.000 Ib 


700.000 


88,000 Ib 1,098,000 Ib $95,000 Ib 62,000 Ib. 








*Crankshaft body 
Induction 
Shafts formerly 


hardened shafts have surface in 


quenching the entire gear. 


the 
molybdenum, domestic resources are inadequate 


cal security because, with exception of 


or nonexistent and we are, therefore, dependent 
on friendly foreign governments and open ship- 
ping lanes to satisfy our requirements. Fortu- 


nately, as the result of metallurgical research 


during the past 10 years, and industrial develop- 
ment and application of improved heat treating 
practices, we are in a position to intelligently 
reduce the total alloy content of many compo- 
nents without impairing service performance. 
In fact, in many instances service performance 


has been improved. Induction hardening and 


compression 


is normalized; bearing surfaces induction hardened. 


and surface hardness at C 


were oil quenched and tempered to C-32 to 35. 
tGear teeth treated to higher hardness by induction hardening than formerly 


possible when oil 


section, are 


but 
where high strength or hardness in certain sec- 


neither required nor desirable 
tions of the component is essential to service 
requirements. Examples given in Table I (from 
individual effec- 


tiveness as a means of conserving alloys while 


three companies) illustrate its 


required physical properties are maintained or 
even improved 

There are many other applications of induc- 
tion and flame hardening (differential or local- 
but 
examples are sufficient. 
ential 


ized hardening) these three outstanding 


Unfortunately, differ- 


hardening methods are not universally 
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410,000 Tons of Boron Steel Made 


applicable, being most amenable to symmetrical 
sections and to mass production of similar sized 
parts. However, in view of the present critical 
shortage of alloys and the probability that this 
situation will continue for some time, it is in 
the interest of national security that localized 
hardening methods should be expanded in order 
to conserve critical alloys. 


CONSERVATION OF ALLOYS BY THE USE OF BORON 


Our present knowledge of the behavior of 
boron in steel is far from complete; every day 
we are learning more about it. Large industrial 


use of boron as an alloy began in the latter part 


Table Ill 


Conservation of Alloys by Use of Boron Treatment 


heats of boron steel were made in 1937 by the 
Wisconsin Steel Co. and from that time until 
January 1951 the steel industry has produced 
$10,000 ingot tons of boron-treated steels, exclu- 
sive of those used as armor plate. A large por- 
tion of this tonnage has been used by three 
consumers who early recognized that lower net 
production costs would be obtained with them. 
In addition, large amounts of alloying elements 
have been saved for use in essential applications 
where equivalent, leaner alloy steels have not 
been developed. The large tonnage of boron 
steels successfully used by these three compa- 
nies, as given in Table III, indicates their reli- 
ability and their effectiveness in conserving 
alloys without adversely affecting physical prop- 
Although the hard- 
14B35 versus 8637, and 14B50 
versus 4142 are not equivalent for all section- 


erties or safe performance. 
enabilities of 


sizes, nevertheless the harden- 


abilities can be considered as 








ANALYSIS*® Pot 


ForMER Bonon 


GRADE PREATED 


pany A S20) 13B17 
Gas carburized 2 0.17 
heavy duty 35 
gears (10,700 
innual ingot 
tons 
0.04 
} 2345 S86B45 
in. diameter axle 0.45 
ind clutch shafts, n 0.87 
and steering a5 
knuckles (5500 
annual ingot tons) 
Company B 8637 
Bolts, studs, cap 0.39 
screws (max. 134 in.) \ 0.87 
(1000 annual De 


ingot tons) 


Company 
Hand tools for 
mechanies (12,000 Mn 


annual ingot tons) C1 238 
18.000 


Mo 


NDS ANNUALLY 


ED EXPENDED 


700 9100) Ib. 
000 Ib. nickel, 86,000 Ib. chromium 


100 
oon treated 


ooo 


equivalent within the range of 
small section-sizes shown in 
Table I for Company B (item 
2) and for Company ¢ The 
total 
four uses cited in Table IIL is 
701,000 


saved annually by the 


manganese, 
107,000 and 30,000 Ib. molybdenum 

One consumer reports 
that steel mills have generally 
been as successful in provid- 
1.000 ing boron-treated steels of uni- 
99,000 form quality, throughout the 
22,00) delivered lot, as with any other 
alloy steel. In addition, fewe 
rejections of mill heats have 
been encountered with boron- 
several 


steel, from 


O00 sources, than for the compar- 


00 able 


grades which they re- 
placed; furthermore, during 
ten years of field performance, 
they have as yet to ascribe the 


cause of failure of any re- 








*Mean value of specification 


of World War Il. However, its effect had been 
known for about 15 years but was not widely 
recognized until the early part of World War II 
when the correlation of hardenability with 
chemical composition became an invaluable tool 
for measuring the boron effect and aided in 
devising alternate steels. 

As far as is known the first commercial 
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turned part to the fact that 
boron was used as an alloying 
element of the steel 
BORON AGENTS AND METHODS OF ADDITION 
There is general agreement about the amount 
of boron required and the most effective practice 
Additions 
are generally made in the ladle, although addi- 


for insuring its retention in the steel 


tions to the mold can be equally effective (but, 





Steelmaking Methods 


from a steelmaking standpoint, somewhat more 


difficult to control). 

For optimum results in the steel mill the 
boron addition should be made to a fully deoxi- 
dized, fine-grained steel. It has been well estab- 
lished that boron tends to increase the austenitic 
grain size of steel but this can be overcome by 
increasing the amount of aluminum or 
strong deoxidizers 20 to 30% 


other 
above the amount 


but beyond this value the hardenability is not 
much. Steels with 
tents have been satisfactory but in such steels 


affected very higher con 
the limiting content with respect to hot short- 
ness is more closely approached In the low- 
carbon steels the optimum effect is obtained at 
somewhat higher boron contents, and the pro- 
portional effect 
0.003% B. 


The amount of agent which is to be added 


appears to continue above 


can be conveniently expressed in pounds of alloy 


per ton of ingots. These values, as shown in 


Table V, have been developed by the steel pro- 
normally required. As boron is itself a rather 


ducers as the approximate levels at which con 
eflicient deoxidizer, it is advisable to protect it 


sistent results can be obtained with the respective 


Table IV — Nominal Analyses of Boron Agents 





CARAINAI FERROBORON 
: CARBOR Bor Boro MANGANESI!I 
ELEMEN' 


Mer. A Mer. B Bonon 


SILVAZ SILCAZ 


rAM TAM Sil 


Boron 17 
Silicon : g 37 I 
Aluminum : : 6 
Titanium é 2 10 
Zirconium 6 
Calcium 

Vanadium 25 : 10 
Manganese 

Carbon 

Iron 











by first adding two thirds or three quarters of agents. For the low-carbon carburizing grades 
. ta] f 5 FP 
made in the openhearth, and all engineering 


alloy steels made in the electric are furnace, 


the required ladle deoxidizers, and the remainder 
with or following the boron. 

There are numerous agents by which boron 
may be added to steel and all are equally effective 
if good steelmaking practice is followed. 


the amount of boron agent must be increased 
approximately 50% above the values given in 
Some 
of the complex alloys contain strong deoxidizers 


such as aluminum, calcium, titanium, or zir- 


Table V, and occasionally more. 
There is no danger of exceeding the limit of 
hot shortness in normal steelmaking operations 


conium and these complex alloys can sometimes if the boron content of the addition agent is well 


adequately control the 
tendencies of 


grain coarsening 
without the use of 
In this respect they have 
advantage to the 


boron Table V — Amount of Boron Agents 


per Ton of Ingots 


(for intermediate carbon steels) 


extra aluminum. 
a definite steelmaker. 
Table IV shows the nominal analysis of 





Boron 
IN AGENT 


ADDITION 
PER TON 


: : Boron Appep 
most of the commercial products which AGENT 


ro STEEI 
have been used or are now available. 
Grainal No. 1 ; 1 
Grainal No. 6 a 4 
Grainal No. 79 + 4 
Silvaz 
Silcaz 
Carbortam 
Bortam 
Borosil 
Ferroboron 
Manganese-boron 


Ib. 0.0004% 
0.0004 
0.0010 


Indications are that optimum effects 
are obtained when the size of the addition 
introduces from 0.0008 to 0.003% 
into the 


oro 
boron 0.0012 


0.0012 
0.0023 
0.0026 


through-hardening | steels 


third ounce to one ounce per ton). 


(one 
Under 


some conditions 


even smaller 


have been effective. 


amounts 
There are indications 
that hardenability is increased in propor- 
tion to the boron up to about 0.001% B 


0.0035 
0.0048 
0.0034 
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Supply of Necessary Ferro-Alloys 


established and 
limits. 


controlled within reasonable 
However, the nominal boron content of 
the available agents varies from 0.2% for Grainal 
No. 1 to 17.5% min. for one grade of ferroboron. 
From a steelmaking standpoint this wide range 
is very undesirable, since steelmaking practices 
must be established for each proprietary alloy, 
and unless the supply is balanced with demand, 
the steel producers must alter practices in ordet 
to use whatever one is available. 

This unrealistic condition does not exist in 
other ferro-alloys and steps should be taken to 
standardize or to reduce the number of commer- 
cial agents to the minimum. This might well 
result in one agent of the low-boron, complex 
type, and one agent of the high-boron type. This 


Table VI 


agent is to some extent dependent upon the grade 
of steel produced. 
generally 


Agents of complex type are 
preferred for low-carbon (under 
0.30% C) and electric furnace grades because the 
supplementary alloys in these agents (vanadium, 
zirconium, titanium, aluminum, calcium) aid in 
fixation of the high nitrogen and oxygen in the 
melt. In steels containing above 0.30° carbon 
the simple agents, such as ferroboron or Borosil, 
can be used effectively. (When they are used for 
the low-carbon grades they fortified 


as aluminum, 


should be 
with supplementary alloys such 
zirconium or titanium 

The melt schedule for 
March 1943 was critically analyzed to determine 


above-mentioned 


the amounts and types of boron agents required 
to treat the effectively The 
result is summarized in Table VI and shows that 
the supply of simple agents is more than ade- 


entire tonnage 


quate to treat the expected tonnage of alloy steels 


Agents Needed for 10,000,000 Tons Alloy Ingots Yearly 


(based on melt schedules for March 1943) 





INGor Tons 

ALLoY Gnapt 
Mar. 1943 ANNUAL Ratt 
Over 0.307 C 
Below 0.300 € 


Below 0.30% 


615,000 
136,000 
74.000 


7.300.000 
1,600,000 
900,000 


f | 





Boron TREATMENT 
AGENT La./Ton 


Simple 
Complex 
Complex 
(with vanadium) 


Tora. Pounpbs 


REQUIRED AVAILABLE* 


O.8 5. 800,000% 
6.0 9,600,000 
6.0 5,400,000 


9,500,000 
7,000,000 
3.000.000 


| 








*Annual capacity of ferro-alloy manufacturers of this grade (1951). 
Based on ferroboron or its equivalent weight as Borosil 


ideal objective may not be attained for some 
time, but development work is already under 
way. Combined facilities for producing these 
five agents are probably adequate to meet the 
requirements for treating 10,000,000 ingot tons 
annually. 
Predictions that 10,000,000 ingot tons of 
alloy steel will be needed in one year are very 
realistic. In the peak month of March 1943, the 
melt schedules required the production of 825,000 
tons of alloy grades (an annual rate of 9,900,000 
tons), all of which was amenable to boron treat- 
ment. In addition 236,000 tons were scheduled 
which are not responsive to boron treatment 
that is, stainless, 
strength plate. 


toolsteels, low-alloy high- 
This same tonnage could not be 
produced today, grade for grade, because enough 
nickel and molybdenum is not available. How- 
ever, it is quite likely that this same total ton- 
nage will be required and can be met by using 
leaner alloy steels treated with boron to give 
equivalent hardenability. 


Selection of the amount and type of addition 
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containing over 0.30 carbon, but that a 
deficiency exists with respect to the availability 
of the complex agents, with and without vana- 
dium, for treating the necessary tonnage of low- 
carbon alloy steels. 

The data in Table VI are based entirely on 
requirements for treating alloy steels. Boron 
can conceivably be used to replace a part of the 
manganese in what is now a considerable ton- 
nage of intermediate carbon steels, consumed in 
ordnance or civilian uses, which are liquid 
quenched and tempered to meet specific physical 
properties. Boron treatments have not been 
extended to these applications but if such treat- 
ments are found to be practical, or become nec- 
essary in order to conserve manganese, the 
available supply of the simple agents would be 
inadequate. For example, if 10,000,000 tons of 
carbon steels are replaced with boron-treated 
steels, in addition to the 10,006,000 tons of alloy 
steels, there will be a 5,000,000-lb. shortage of 
the simple type of agent (ferroboron or its 


equivalent weight of Borosil). 





Implications of Equivalent Hardenability 


In view of the definite possibility that appli- 
cations of boron-treated steels will be expanded, 
it is essential that the ferro-alloy manufacturers 
be kept accurately informed of all proven and 
proposed applications so that production facili- 
ties for addition agents can be expanded in line 
with requirements 


HARDENABILITY 


As a 


workers during recent years, it is relatively easy 


result of contributions from many 


to predict with some degree accuracy the 
hardenability and tensile strength as well as the 
impact strength of a steel. These, and closely 
related properties such as yield strength and 
fatigue strength, are primary factors in deter- 
mining serviceability of quenched and tempered 
steels. The basic concepts of hardenability 
established by various investigations show that, 
for all practical purposes, the physical proper- 
ties concerned with strength are directly propor- 


tional to the hardness, and the alloy content is 
of importance primarily in influencing the reac- 
tion to heat treatment hardening and tem- 


pering operations. Since the alloying elements 
have no specific effect on the strength properties 
for ordinary use in machines, it is logical that 
steels with similar hardenabilities may be used 
interchangeably without loss of serviceability.* 
(This has been confirmed by the successful sub- 


stitutions made during World War Il.) Thus, 


*Eprror’s Foornortt In a panel discussion at 
1951 Western Metal Congress, reported in Metal 
Progress for June 1951, Walter E. Jominy, president 
@. and staff engineer, Chrysler Corp., was asked 
this question 

“Is it true, Mr. Jominy, that steel A which has 
a certain hardenability band is equivalent in its 
use and mechanical properties to steel B which has 
the same hardenability band, even though it may 
be far distant from it in chemical composition?” 

Mr. Jominy replied: “From the standpoint of 
mechanical properties it is, if you are interested in 
hardnesses between 200 and 400 Brinell, provided 
you have first hardened each of the steels to give 
you a microstructure of at least 90 martensite. 
After drawing back to equivalent hardness, then 
There 


usually 


the properties are usually quite comparable. 
are some small differences, but they are 
insignificant.” 


Modern Unit for Induction Hardening and Quenching Large Drive Gear for Caterpillar 


Tractors. 


part rather than 3%‘ Ni steel formerly 


Many economies result from use of plain carbon steel for this important 
used. 


Photo courtesy Ohio Crankshaft Co 





Boron’s Enormous Potency 


after the desired tensile and impact strength is 


determined, the selection of a specific steel 
should be based on the lowest combination of 
critical alloys required to give those properties 
Boron is used in steel for only one purpose 

to increase hardenability and to thereby 
replace other alloys such as manganese, nickel, 
chromium and molybdenum. Its behavior is 
unique in that the inerease in hardenability for 
all practical purposes appears to be independent 
of the amount of boron present, above the usual 
and also in that it 


can replace several hundred times its own weight 


minimum value of 0.0008, 


of nickel, chromium, molybdenum or manganese 

Furthermore, boron steels are peculiar since, 
at approximately eutectoid composition, boron 
appears to have little or no effect on harden- 
ability. However, as the carbon decreases below 
the eutectoid composition the effectiveness of 
G. D. Rahrer and C. D 
“The Effect of Carbon Content on 
the Hardenability of Boron Steels’, Transac- 
tions &, V. 40, 1948, p. 1099) have expressed this 
relation by a linear equation for microstructures 
with 50° 


boron increases linearly 
Armstrong 


martensite: 
F, 1+ 1.5 (0.90 C) 


multiplying factor for boron 
Cc per cent carbon 


where Fx 


This equation is only applicable to fine- 
grained, thoroughly deoxidized steels which 
contain at least 9.0008% When both 
these conditions are met the reproducibility of 


boron. 


the effectiveness of boron can be considered as 
statistically assured. 

The fact that boron is quite potent at low 
carbons is of particular importance because the 


Civilian Panel Members 
Harvester Co. 
Walter E. Jominy, Chairman, C. Ht. 
supervisor of metallurgical re- Steel Co. 
search, Chrysler Corp. (President G. C. 
of the A.S.M.). 
D. L. McBride, technical aide, Rn. W. 
Metallurgical Advisory Board. 
C. W. Briggs, technical and L. 
research director, Steel Founders’ 
Society. 
Walter Crafts, chief metallur 
gist, Union Carbide and Carbon 


Motors Corp. 
Earle C. 
Research Laboratories, Inc. Cyril 
ms Ee 
lurgical engineer, 
Sheet & Tube Co. 
H. B. Knowlton, materials and 


metal 
Youngstown 


Fetters, special 


Technology. 
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standards engineer, International 
Herty, 


Riegel, chief metallurgist, 
Caterpillar Tractor Co. E. L. 
Schlumpf, chief metal- 
lurgist, Hughes Tool Co. 

E. Simon, chief metallurgist, 
Electro-Motive Division of General 


Smith, chief 
lurgist, Republic Steel Corp 
Metals 
Laboratory, Carnegie Institute of 


Wells, 


Porter R. Wray, metallurgical _ 
engineer, United States Steel Co. 


most highly alloyed heat treating steels are below 
0.30% These include the A.LS.L. series 
23xx, 25xx, 33xx, 48xx and 93xx 


carbon. 
The 43xx series 
is also highly alloyed and is not produced as a 
standard grade above 0.40%. These six grades 


are fertile fields for conservation of critical 


alloys and several boron-treated steels have been 
tested, both in service, to 
determine alternate grades with equivalent hard- 


laboratory and in 


enabilities and service performance 

An unfortunate dilemma exists at the pres- 
ent time which is temporarily restricting imme- 
diate Consumers will 


applications naturally 


Distance From Quenched Er 


Fig. 1 Specified Hardenability Band for 8645H 
and Maximum and Minimum Limits for 37 Heats 
Steel Melted to Same Analysis but Boron Treated 


hesitate to order these steels in large tonnages 
until hardenability bands have been definitely 
On the other hand, the American 
Iron and Steel Institute must have a reasonably 


established. 


large tonnage of each grade produced and tested 
before a statistically reliable band can be estab- 
lished for it. In the interim, sound metallurgical 
judgment is required in selecting boron-treated 
grades as alternates for existing and _ service- 
tested applications of the higher alloyed steels 


Service Representatives 
Jr., Bethlehem S. V. Arnold, Physical Metal 
lurgy Branch, Watertown Arsenal, 
U.S.A. 

Beardman, chief, Navy 
Materiel, U.S.N. 

E. L. Hollady, chief of materi- 
als section, Research and Materi 
als Branch, U.S.A. 

J. B. Johnson, chief of metal 
lurgical group, Office of Air Re 
search, U.S.A.F. 

Research Maj. Ralph Hopkins, director 
of research and development, 
Headquarters, U.S.A.F. 
Promisel, metallurgist, 
Bureau of Aeronautics. 


metal- 





Best Field Is in Lean Alloy Steels 


There are very few steels which are pro- 
duced both with and without boron because the 
boron grade has been specially designed to have 
hardenabilities equivalent to those of highet 
alloved steels 

Actually, comparison of hardenabilities of 
the same grade, with and without boron, pro- 
vides no information which would be useful in 
selecting alternate grades, since it merely demon- 
strates the potency of boron upon the known 
hardenability of one given grade. As an example, 
Fig. 1 shows the data for 8645 


and minimum hardenabilities encountered on 37 


The maximum 


heats of 86B45 are compared with the standard 
A.LS.1 8645 


Obviously this comparison does not 


hardenability band for regular 
indicate, 
except in the most general way, the extent to 
which boron can conserve critical alloys 

The most useful 


comparisons are those 


showing the hardenabilities of a lean alloy, 
boron-treated grade and the closest matching 
higher alloyed grade. Such matching will be 
greatly simplified when sufficient data have been 
accumulated so that standard and accepted hard- 
enability bands can be established for all boron- 
treated steels. The hardenability experience 
limits to date of writing for nu- 
merous heats of 11 boron-treated 
grades are shown in Fig. 2 to 6. 
In each diagram the maximum, 
minimum and mean hardenabili- 
ties obtained are indicated by the 
shaded areas, and the heavy lines 
indicate the hardenability bands 
of standard A.LS.1. grades without 
boron. The hatched areas are in 
no way intended as standards. 
Boron steels generally tend to 
have wider limits between the 
maximum and minimum harden- 
abilities than those without boron, 
as is demonstrated in Fig. 1. How- 
ever, this spreading usually occurs 
beyond the Jominy distance cor- 
responding to 50% martensite and 
therefore is generally considered 
unimportant. This condition is 
natural in that all normal varia- 
tions in hardenabilities, within the 
full analysis limits of a grade, are 
expanded in proportion to the 
magnitude of the boron factor, F's. 
earlier, 


which, as mentioned 


increases from a value of 1.0 at about 0.90 
carbon to 2.2 at about 0.20 This is not nec- 
essarily alarming nor need it be considered as 
evidence that the boron steels are inferior orf 
lack reproducibility Except for the interme- 


diate-carbon boron-treated steels, shown in 
Fig. 2, the agreement in hardenabilities is quite 
good up to a Jominy distance of 10/16, which 
corresponds to the center hardness of a 2'2-in 
round quenched in water, or a 1*,-in. round 
quenched in oil 

It is not necessary for equivalence of hard 
enability to extend over the entire range of the 
hardenability bands in order to select a suitable 
boron-treated steel. Equivalence is only neces 
sary to the extent dictated by the section size ol 
the part to be hardened; deviations at larger 
section sizes are irrelevant. For example, Fig. 2 
second from top) shows that the hardenabili- 
14B35 and 


up to a 


ties of H130H are only equivalent 
distance of 4/16, but this 


corresponds to the center hardness of a 1'4-in 


Jominy 


round quenched in water, and slightly over a 
'o-in. round quenched in oil. As shown in 
Table III, p. 84, several thousand tons of satis- 
factory bolts and cap screws have been pro- 
14B35, where the 
former grade was alternately 3140 or 4140. As 
14B35 is lower in hardenability than 3140 or 
$140, this change 


duced from this analysis, 


involves the use of a lower 


Put the High Properties Where They Are Really 
Needed! 
hammer. Photo at Plomb Tool Co. by H. L. Millar 


“End-quenching” heads of a ball-peen 
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Hardness, C-Scale 


Short Annealing Cycles 


hardenability steel, requiring a change in prac- 
tice to water quenching sizes from 7s to 14, in., 
and to lowering tempering temperatures slightly 


in order to maintain a specified tensile strength 


Fig. 2 Hardenability Experience for Four 
Intermediate-Carbon Steels, Boron Treated 
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Fig. 3 Hardenability Experience for a 
Nickel-Chromium-Molybdenum Steel, 
Treated. Analysis: 0.14 to 0.20% 
0.70% Mn, 1.65 to 2.00% 
Cr, 0.20 to 0.30° Mo, 


sjoron 
C, 0.45 to 
Ni, 0.35 to 0.60% 


0.03% min. \ 


of 150,000 psi. minimum. The wide deviations 
in comparative hardenabilities of grades 14B35 
and 3140 or 4140 beyond the limit of 14, in 
from the quenched end, have in no way affected 
service performance of the bolts. 

the 
boron steels during conventional heat treatments 


A better understanding of behavior of 


such as quenching, normalizing, and annealing 
can be obtained from studies of the 
The 
which have been made show that the beginning 


isothermal 


transformation diagrams. few studies 
of transformation is delayed at the “nose” of 
the curve, but that the time required to complete 
the 


Boron, therefore, increases the incubation period 


transformation is practically unchanged. 


but does not drop the temperature nor decrease 
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Fig. 4 Hardenability Experience 
Boron-Treated Nickel-Molybdenum 
4615+ B. A good substitute for 





for 
Steel 
{817H 


the rate of transformation at which pearlite and 
ferrite form subsequently, whereas the conven- 
tional alloying elements shift both the start and 
completion of transformation toward longer 
times and toward lower temperatures. 

These facts explain why boron increases 
hardenability, but has no power to produce the 
finer pearlite and the higher strength in normal- 


ized steels, such as is obtained by addition of one 





L 


Hardness 


Low-Temperature Draw Desirable 


or more of the conventional alloying elements. 
This has a practical application in that a lower 
alloy steel containing boron can replace a higher 
alloyed steel to obtain the same properties when 
hardened, yet the boron steels can be annealed 
with a much shorter cycle and are also softer 
than the higher alloyed steels in the as-rolled 
or normalized condition (provided the section is 
sufficiently that air cannot 


large hardening 


occur) 
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Fig. 5 Hardenability 
tjoron-Treated Chromium Steel 


Experience for 
50 B60 


LIMITATIONS OF BORON-TREATED STEELS 


All by 
no means been fully investigated and caution 
be 
example, it 


characteristics of these steels have 


should exercised in certain respects. For 


that 
increases sensitivity brittleness. 
Although the at 
appear to be serious, nevertheless it is advisable 


been boron 
to 


condition 


has reported 
temper 
does not present 
to avoid tempering them above 1000° F. until 
it the effect 
caused by the presence of boron or is attribu- 
table to the lower molybdenum. When neces- 
sary to temper above 1000° F. in order to obtain 
the hazard of 
encountering temper brittleness can be avoided 


has been established whether is 


specific physical properties, 


by liquid quenching after tempering. As boron 
has little or no effect in retarding softening at 
elevated temperatures, these steels should be 
tempered at 50 to 150° lower temperatures than 
are usually necessary to attain a desired hard- 
ness or strength, depending upon the change in 
the alloy content of the base analysis. 

Boron cannot perform the same function as 
molybdenum, vanadium, or tungsten of contrib- 
uting to when stressed at 


resistance creep 
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Fig. 6 
ability 


elevated temperatures. Therefore, it is not con- 
sidered practical to use boron to replace these 
elements in steels designed for high-temperature 
service. 
Conflicting reports have been made in 
regard to the effect of boron on the notch tough- 
ness of steels with a microstructure of tempered 
The 
20 to 
can usually be held within the ductile 
range and, il are in 
designs, service performance of these steels at 
low temperatures will probably be satisfactory. 
When it is known that equipment must operate 
at 


martensite, especially at low temperatures. 
impact strength of the boron steels at 
10° F. 


fracture notches avoided 


low temperatures, suitable laboratory and 
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Low Alloy Means Easy Fabrication 


prototype tests should determine the minimum 
impact strength which will meet service require- 
ments. Without this information it is impossi- 
ble to say whether or not the impact strength at 
low temperatures is adequate to prevent failure 


in service 
OTHER PROPERTIES OF BORON STEELS 


In considering the performance of any steel 
in production the very important 


properties, such as rolling and forging, must be 


fabricating 
thoroughly scrutinized. Boron steels respond to 
rolling and forging in the same manner as steels 
of similar base analysis, without boron, provided 
the content is below the level at which hot 
shortness occurs. 

The type of scale formed on heating is 
entirely dependent upon the base analysis, and 
this asset has not received adequate emphasis. 
The ability of boron to replace several hundred 
weight of nickel, 
molybdenum and manganese, makes possible 


times its own chromium, 
the use of plain carbon or lower alloyed steels 
without sacrificing hardenability or the physical 
properties of the part, heat treated and finished 
The light, flaky scale formed on heating can be 
more readily removed and has less tendency to 
adhere and be driven into the surface of the bil- 
let or forging than it is on the more highly 
alloyed steels. 

Boron steels, because of their lower total 
alloy content, are believed to be less sensitive to 
shatter cracks and flakes as are the more highly 
alloved steels. Thus, blooms or forgings of 
boron-treated steel may require no additional 
pit cooling or controlled cooling, beyond the 
normal care required for the base analysis with- 
out boron. 

These generalizations concerning hot work- 
ing properties apply to all other properties of 
these steels. In general, the properties are char- 
acteristic of the base analysis without boron 
For example, normalizing and spheroidizing 
operations are not affected by the presence of 
Like- 
wise, rates of carburization and decarburization 
are unchanged. 


boron in a steel of given alloy content. 


Some users of large tonnages of boron 
steels have reported that weldability, machin- 
ability, cold heading and cold bending properties 
are unchanged and can be predicted from the 
behavior of the base analysis without boron. 
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SUMMARY 


Boron is used in steels for only one purpose 
By its effect on 
drastically 


to increase hardenability 
hardenability, it can reduce the 
amount of nickel, chromium, molybdenum, and 
manganese ordinarily used to increase harden- 
ability. The amount of boron required to assure 
optimum results in the steel lies between 0.0008 
and 0.003% 


and may be above this range for the low-carbon 


for the intermediate-carbon steels, 


steels. The large tonnage successfully used dur- 
ing the past 10 years indicates their reliability 
and their effectiveness in conserving alloys with- 
out adversely affecting physical properties or 
safe performance. From the standpoint of 
national security, their use should be immedi- 
ately expanded to conserve alloys conventionally 
used to increase hardenability. 

Because of its tendency to form carbides, 
nitrides, and oxides, the boron added to molten 
steel must be protected by prior additions of 
strong deoxidizers sufficient to produce a_ thor- 
oughly killed, fine-grained steel. When produc- 
ing electric furnace steels or openhearth grades 
with less than 0.30% carbon, it has been found 
advisable to use complex addition agents which 
contain carbide or nitride-forming elements, or 
to use the simple boron agents together with 
titanium, zirconium or aluminum. 

The various agents available for introducing 
boron into steel vary widely in boron content, 
and consolidation to a minimum number of 
standard grades is under consideration. Boron 
ores are abundant in the United States, but the 
present furnace capacity available for produc- 
tion of the addition agents, without interfering 
with production of other ferro-alloys, is only 
adequate to provide materials sufficient to treat 
10,000,000 ingot tons of steel annually. Se 
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Personal Mention 





G. Wirrer 


G. Winner @, after 45 years of 
metallurgical service in the auto- 
motive industry, has recently re- 
tired from the Mack Manufacturing 
Co., Plainfield, N. J. A native of 
Switzerland, Mr. Wirrer started in 
the industry in 1905 as a foreman 
with the Sauer Motor Co., Arbon, 
Switzerland. He came to America 
in 1911 and was employed by the 
International Motor Co., Plainfield, 
now a subsidiary of Mack Trucks, 
Inc., as an instructor and later be- 
came chief inspector. He was in- 
strumental in bringing about many 
of the improvements made on auto- 
motive products over the 
especially the Mack engines. 
heat treating department, 
was simply the blacksmith shop 
when he started to work, inter- 
ested Mr. Wirrer and, in order to 
bring up the standards of opera- 
tion within that neglected depart- 
ment, he took a correspondence 
metallography with 
Sauveur & Boyleston, graduating in 
1918. Since that time some of the 
28 patents he 
have 


years, 
rhe 


which 


course 1n 


has been granted 
heat treating fur- 
naces, gear testing and gear grind- 
ing machines, 
ignition 


been for 


and an 
control for 


automatic 
gasoline en- 
gines. In 1940 he was granted 
the Modern Pioneer Award from 
the National Association of Manu- 
facturers. Mr. Wirrer was a mem- 
ber of the American Steel Treaters’ 
Society and has been an American 
Society for Metals member for over 
30 vears 
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Marshall H. Medwedeff 


One of the widest-known mem- 
bers of @ is “Med” 
A charter member, clear 
back to the days when the Buffalo 
Chapter of the Steel 
Treaters Society formed, he 
has taken an active part in Chap 
ter affairs and has seldom if ever 
missed an annual convention. All 
will wish him 
life and 
after 26 metallurgical 
engineer for A C Spark Plug Divi 
sion of General Motors Corp. 

Medwedeff graduated from the 
University of Pennsylvania in 
1911 but found he needed 
special training in metallurgy, so 
he spent 1915 and 1916 studying 
under Albert Sauveur at Harvard. 
From then on, as he likes to say, 
he “gathered a lot of polish but 
and had a lot of fun 
metallurging”. He organized heat 
treating departments and labora- 
tories for Samson ‘Tractor Co., 
Janesville, Wis., Wyoming Shovel 
Works, Wyoming, Pa., and finally 
for A C Spark Plug, Flint, Mich. 

The early Journals of the Soci- 
well as Metal 
brief but meaty papers 
him on heat treatment of 
high speed steel, metallurgical in- 
spection, metallurgy in a modern 
and workability of high- 
brass sheet. 

In 1924, when Medwedeff 
started at A C Spark Plug, all that 
the plant was making was just that 

spark plugs. He contributed 


and for good 
reason. 


American 
was 


God-speed, long 


success as consultant, 


years as 


soon 


not moss, 


ety, as Progress, 
contain 


from 


shop, 


largely to the production of qual- 
ity magnets from the early models 
to the present. The heat treatment 
of the speedometer spindle re- 
quired intensive study. Then 
came extensive installations for 
die casting zinc, lead and tin al- 
loys, together with special die 
treatments. He was among the first 
to introduce beryllium-copper into 
machine parts. Continually there 
were growing demands for diverse 
heat treatments on numerous parts 
of various products all involv- 
ing material and process specifi- 
cations and inspection procedures. 
An active member of General Mo- 
tors’ metallurgical 
chairman of 


committee, he 


was several 


sub- 
groups studying special problems. 


Harold A. De Vincentis @ has 
accepted a position as metallurgist 
in the metallurgical development 
section of the National Advisory 
Committee for Aeronautics, Cleve- 
land. He was formerly in the met- 
allurgical laboratories, Sylvania 
Electric Products Ine., 
= = 


Bayside, 


Clarence G. Merritt @ has been 
appointed chief metallurgist of the 
research and development division 
of Olin Industries’ Winchester Re- 
peating Arins Co. 
metallurgical en charge 
of the metallurgical office, Crucible 
Steel Co. of New York. 


He was formerly 
gineer in 


America, 


Robert H. McCreery © has re- 
cently been promoted to principal 
metallurgist at International Har- 


vester Co., Evansville, Ind 


Frank B. Cuff, Jr., ©. 


ceived his 


who re- 
degree from 
Massachusetts Institute of Technol- 
ogy in June, has been appointed to 
the metallurgical staff to do re 
search work at the school. 


master’s 


H. C. Bostwick ©, who has 
represented the Drever Co., Phila- 
delphia, in Ohio, western Pennsyl- 
vania and west “ew York for 
the past five recently 
been appointed distri 
the same territory. 


Vea Ss 


‘anager of 


Arthur J. Williamson @ has 
been appointed vice-president in 
charge of manufacturing opera- 
tions at Tube Reducing Corp., Wal- 
lington, N. J. He was formerly 
with Summerill Tubing Co. as plant 
manager at the Carnegie, Pa., plant, 
and as chief metallurgist at the 
Bridgeport, Pa., plant. 





' i del, made 
lock, The Vanderbilt mo 
i ce 50, Mass. Case drawn 


Chelsea Ship's Bell 
by Chelsea Clock 
in one piece out © 
Pressed Steel Co., Worce 


r 
£ commercial brass by Worceste 


ster 6, Mass. 


HOWITZER 
CASE 





i i s be- 
ections showing similarities and difference 


s 
prt ase and the clock case. 


tween the howitzer ¢ 


° 
AR Oe 
990" sass, 
REVERE pe 
TED 
OPPER AND BRASS INCORPORA 
c Founded by Paul Revere m 45 ‘ 
230 Park Avenue, New York 17, N. ?- 
sd ec 
Detroit, Mich.; Los Angeies 
| more, Md.; Chicago and Clinton UL; Detroit, MOY — 
Mile Bel Riera Cait et Ca Binrbaiors Eoervebe 


Pr mcmpat 
precept SION EVERY SUNDAY 


Sale 


SEE “MEET THE PRESS” ON NBC TELEVI 


grows intoa 


Clock Case 


During the War, the Worcester Pressed Steel 
Co. worked out a technique for forming 45 
howitzer shell cases of cartridge brass. The 
case was 3%" high, 4%4” o.d., with thin walls 
and thick base that included a difficult 
flange, the materia] for which had to flow 
entirely from the base of the cup. The 
successful solution of the many problems 
required careful tool design, plus skilled 
control of each operation. 

Later the Chelsea Clock Co. asked Worces- 
ter if it could cold-form clock cases out of 
commercial brass. A study of the clock case 
revealed striking similarities between it and 
the howitzer case, but on the other hand 
there was one important difference. The 
large radius on the inside of the howitzer 
case was not permissible in the clock case, 
because of the space required for the works. 
It was found that the bottom design could 
be achieved by squaring the case to the ex- 
act height, providing the bottom knockout 
with exactly the correct amount of spring 
tension in the restrike, and carefully gov- 
erning the pressure and speed of press 
travel. The complete coordination of these 
factors resulted in a perfect case, and an- 
other example of the adaptation of war- 
learned skills to peace-time products. 

e If you have problems in connection with 
the fabrication of copper and its ‘alloys, or 
aluminum alloys, remember that the Revere 
Technical Advisory.Service often can be 
helpful. 
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Personals 


Robert W. Mason, Jr., ©, has 
recently joined National Farm Ma- 
chinery Co-operative, Inc., Shelby- 
ville, Ind., as foundry manager. 


A. O. Schaefer © has been 
elected vice-president in charge of 
engineering and manufacturing by 
the Midvale Co., Philadelphia, 
rather than _ vice-president in 
charge of sales, as reported in the 
July issue. 


Gerard H. Boss ©, formerly in 
the metallurgy division, Oak Ridge 
National Laboratory, Oak Ridge, 
Tenn., has recently joined North 
American Aviation, Inc., Downey, 
Calif., as a materials engineer in 
the aerophysics division. ; 


J. J. Schrinner ©, formerly met- 
allurgist in the process and mate- 
rials division, Hotpoint, Ince., 
Chicago, is now metallurgist in the 
component and materials testing 
laboratory, Crosley Division, Arco 
Manufacturing Corp., Cincinnati, 
Ohio. 





MARVEL BAND SAW saved these 
two 4400-Ib. castings 


Two sand cores washed out when these 
giant 4400-pound steel connecting rods 
were cast, resulting in solid eye ends with- 
out gaps. Then came the $64 question— 
how to machine out the 142” slots in the 
longitudinal center of the eyes which were 
22” high and had a wall thickness of 612”. 


The Ernest J. Nelson Iron Works of San 
Francisco did this “impossible” job easily, 
quickly and economically, without special 
tooling, on a standard Model No. 8M/2 
MARVEL Band Saw. Two cuts were made 
in each rod in two hours per cut with tool 
cost of $3.06 per rod. The tool was a 
MARVEL B9-10 Band Saw Blade. 


Every tool room, machine shop and main- 
tenance department needs a MARVEL 
Series 8 Universal Band Saw—not only for 
innumerable everyday jobs but for the oc- 
casional “trick” operations, where its ut- 
most versatility will save many headaches 
and dollars. 


WRITE FOR CATALOG 


This is another of the 
“HUNDREDS OF JOBS” 
which can be done on a 

MARVEL Band Saw! 


These exclusive MARVEL 
made this job easy 


features 


1. Large, T-slotted work table. 
2. Blade feeds into work ver- 
tically ; 
tionary. 


work always sta- 


Power-pressure feed. 
Automatic Blade tension. 
Built-in coolant system. 


Large capacity. 


ARMSTRONG-BLUM MFG. CO. 


“The Hack Saw People’’ 


3700 Bloomingdale Ave. 
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R. K. MecKechnie ©, formerly 
metallurgist on the staff at Knolls 
Atomic Power Laboratory, General 
Electric Co., Schenectady, has been 
transferred to the carboloy depart- 
ment as a metallurgist in the vac- 
uum melting division. 


Arnold E. Nilsen @ has been 
employed as a research metallur- 
gist at the titanium division of Na- 
tional Lead Co., Sayreville, N. J.. 
since he graduated from Michigan 
College of Mining and Technology. 


Ferdi B. Stern, Jr., @, is open- 
ing a commercial inspection labo- 
ratory in Houston, Tex., for the 
Magnaflux Corp. 


R. L. Beck @ has recently been 
employed in the metallurgical divi 
sion at Battelle Memorial Institute 


Julius M. Simmons 6, former), 
manager of technical services 
Joslyn Stainless Steels Co., Ft 
Wayne, Ind., has taken a position 
as assistant director of the metal- 
lurgy division, Argonne Metals Lab- 
oratory, Chicago, 


Clyde E. Williams ©, director 
of Battelle Memorial Institute, Co- 
lumbus, Ohio, has been presented 
with a doctor of science degree by 
Ohio State University, in recogni- 
tion of “his great contribution to 
science, and through science to in- 
dustry, of his high concept of citi- 
zenship, and of his executive 
leadership” 


Henry W. Arauz @ has recently 
been promoted to industrial man- 
ager, Minneapolis-Honeywell Reg 
ulator Co., Columbus, Ohio, office 
He was formerly sales engineer in 
the Detroit branch of 
strument Division of 
Honeywell. 


Brown In 
Minneapolis 


Joe S. Yamamoto @ has resigned 
his position as plant 
at American 
Co., Salt Lake 
plant superintendent and metal- 
lurgist for Printers Metal Service 
& Refining Co., Los Angeles. 


metallurgist 
& Machine 
City, and is now 


Foundry 


Edwin Elliott @, who gradu 
ated from Missouri School of Mines 
and Metallurgy in 
cepted a position as metallurgist at 
Eklund Metal Treating Corp., Rock- 
ford, Il. 


May, has ac- 


L. L. Andrus 6, 
president in charge of sales at 
American Wheelabrator & Equip- 
ment Corp., Mishawaka, Ind., has 
been promoted to 
and executive head of the dust and 
fume division. 


formerly vice 


vice-president 








To Make the Most 
of Short Exposure Time... 


The story behind these x-ray diffraction 
films may save you a lot of time and make 
your work much easier. While they were all 
made on Kodak Industrial X-ray Film, Type 
K, and all show the same Debye-Sherrer- 
Hull pattern of lithium fluoride, the one on 
the far left was given a normal exposure of 
one hour, and the other two only 15 minutes. 

Although all three films were processed 
for 5 minutes at 68°F. in Kodak Rapid 
X-ray Developer, the 15-minute exposure 
under the third clip was intensified by a 
recently developed technique—és usable 
despite the short exposure. 

Since this new intensifying process results 
in increased graininess, its application is 
limited to qualitative work where sharpest 
definition is not required. But, where its use 
is indicated, you'll find it a great time- and 
trouble-saver. If you're interested, we'll 
gladly give you detailed information on the 
intensification of x-ray diffraction patterns. 

Now available: For your convenience, your 
Kodak X-ray Dealer now supplies Kodak 
Industrial X-ray Film, Type K, and Kodak 
No-Screen X-ray Film in 1°,"-wide unper- 
forated 25’ rolls. Eastman Kodak Company, 


X-ray Division, Rochester 4, N. Y. 


X-RAY DIFFRACTION 


... another important function of photography 





Thomas E. Eagan @ has recently I. Melville Stein @ has been 
Personals 


been promoted to the newly elected to the newly created post 

created position of research metal- of executive vice-president of 

lurgist at Cooper-Bessemer Corp., Leeds & Northrup Co., Philadel- 

A. F. Davis @, director, vice Mt. Vernon, Ohio. He was formerly phia. He is director of research at 
president and secretary of the Lin- laboratory supervisor of the com the company and has been there 
coln Electric Co., Cleveland, has pany’s foundry research labora- since 1919. Prior to that time he 
been granted the degree of doctor tories in Grove City, Pa. was personal assistant to Thomas 


f science by Mt. Union College, A. Edison, while he was chairman 
pr sasmgy C. R. Horton, Jr., @, and D. H. 
Alliance, Ohio. 


- of the Naval Advisory Board. 
Marlin @ have been appointed 

Emanuel Silkiss ©, formerly manager and assistant manager, William J. Thomas ©, general 
with Inland Steel Co., New York, respectively, of the engineering sales manager of Babcock and Wil- 
is now employed as a metallurgist development department, Dravo cox Tube Co., Beaver Falls, Pa., 
for Wright Aeronautical Corp., Corp.’s Engineering Works Divi- has been named to the Tubing In- 
Wood-Ridge, N. J. sion, Pittsburgh. dustry Advisory Committee of the 
Office of Price Stabilization, and 
to the Welded and Seamless Steel 
rubing Industry Advisory Commit- 
tee of the Iron and Steel Division 
of the National Production 
Authority. 





Dana W. Smith © has been 
named associate director of the di- 
vision of metallurgical research for 
Kaiser Aluminum and Chemical 
Corp., Spokane, Wash. He has been 
chief research metallurgist for the 
company since 1947, and had pre- 
viously been head of the metal 
section of Glenn L. Martin’s engi- 
neering laboratories, assistant chief 
of Alcoa’s metal working research 
division, and has served on the 
National Advisory Committee for 
Acronautics. 








John A. Hill @, formerly with 
Continental Aviation & Engineer- 
1g Corp., is now chief metallurgist 
with the Mick Manufacturing Co., 
Detroit. 


Wipes Out Decarburization Worry Sone , Wenneesion @ deoeter 


of research and president of Eu- 


n the 4 a rdent " n g e 00 m ceri gg Alloys Corp., Flush- 


ing, N. , has been appointed to 

| the research committee of the Na- 
at JARVIS . tional Association of Manufacturers. 
C. B. Williams ©, superintend- 


ent of melting at Massillon Steel 
praises Sentry Diamond Block Method of Casting Co., Massillon, Ohio, has 


Charles L. Jarvis Co., Middletown, Conn., 


hardening: “It eliminates decarburization recently been elected secretary- 
treasurer of the Electric Metal 
Sentry Mod- Makers Guild, Ine., Pittsburgh. 
trolled Rockwell hardness of tools, coupled = ¢! 2Y. For : 
P small tools, H. A. Schwartz ©, who was 
for long, with simplicity of operation.” Photoshows cutters of named by the Malleable Founders’ 


slender moly, tung : P 
drills, Jarvis operator using Sentry Furnaces for gen and co- Society for his outstanding contri 


broaches , . . balt high bution toward progress and devel- 
° > A a ; 4 

reamers. etc. taps, with two Diamond Blocks in each speed saudie. opment in the malleable iron 

furnace. Find out why more than 100 lead- industry, has been awarded the 


ing firms use Sentry Hardening Methods! 1951 Charles H. McCrea Medal by 
5 the National Malleable and Steel 
ASK FOR CATALOG (A-4) Castings Co., Cleveland. 


Sentry Mod- worries—assures uniform heating and con- 
el YP. Verti- 
cal model 





Raymond F. Duff © has been 
appointed sales manager of the 
Pennsylvania Steel Corp., Detroit. 
He was formerly chief metallurgist 
at Ford Motor Co., Mound Road 
Division. 
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year after year with 


Hoskins Chromel -equipped Electric Furnaces 


There’s nothing revolutionary about Hoskins 
Furnaces, but you'll find them hard to beat when 
it comes to delivering useful electric heat. And for 
good reason, too. Because every Hoskins Electric 
Furnace is equipped with durable CHROMEL 
elements. Long-lasting elements that 
close-to-constant “hot” resistance be- 
tween 700° and 2000°F., that deliver full-rated 
power throughout their long and useful life. 
Dependable heating elements designed to give 
you uniform distribution of heat with maximum 


heating 


possess 


operating efficiency. Important, too, every 
CHROMEL element in every Hoskins furnace is 
formed in such a way as to permit quick and 
easy replacement. 


Take the Hoskins FK Brazing Furnace illustrated 
above, for example. Compactly designed for 


4445 


NEW YORK . 


West Coost Representatives 


in Concde 


CLEVELAND . 


Welker Metal Products 


brazing small tools and parts, it's economical to 
operate ...low in hydrogen and power consump- 
tion, quick on recovery. And it’s equipped with 
heavy-duty reverse “U” type heating units made 
of long-lasting 1” by 4." CHROMEL-A ribbon. 


So next time you're in need of good dependable 
heating equipment, get the facts on Hoskins 
CHROMEL-equipped electric furnaces. Our Cat- 
alog-59R describes the line... want a copy? 


TYPE FR-206, 207, 208 
BOX FURNACE 


TYPE FR-251 
BOX FURNACE 


TYPE OR-104 
POT FURNACE 


TYPE FR 


MANUFACTURING COMPANY 


LAWTON AVE. . 


DETROIT 8, MICHIGAN 
CHICAGO 
in Seattle, San Francisco, 


itd., 


los Angeles 


Walkerville, Onterie 


chel-chromium resistance alloy that first made electrical heating practical 


AUGUST 1951; PAGE 


POT FURNACE 


bt] 








Microcast 


That’s Performance-Proved 


G.N. Cole, chief of engine design 
at Pratt & Whitney Aircraft, 
specifies Microcast blades 

on the J-42 Turbo 

Wasp engine. 


FREE BOOKLET 


The precision process orig 
inated by Austenal Labora 
tories, Inc. for the produc 
tion of castings of intricate 
design using the high melt 
ing point alloys where sur 
face smoothness and di- 
mensional uniformity are 
mandatory, requiring little 
or no machining. Write for 
literature and complete 


information 
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THE MICROCAST PROCESS of precision cast- 
ing for aircraft engine power blading, per- 
formance-proved in World War II, offers 
outstanding advantages to design engineers 
working on today’s revolutionary power 
units. Superior to conventional production 
methods, Microcastings afford substantial 
dollar and labor economies, plus savings in 
critical alloys and elimination of tool break- 
age. Microcastings virtually eliminate ma- 
chining, freeing machine tools for other 
work. Why not investigate the Microcast 


Process today? 


MICROCAST DIVISION 
AUSTENAL LABORATORIES, INC. 
224 East 39th St., New York 16, New York 
715 East 69th Place, Chicago 37, Illinois 





Russian Metallurgy 


(Cont. from p. 80) author was pub- 
lished within one year. It is entitled 
“Principles of Instruction on the 
Corrosion and Protection of Metals”, 
and has a general coverage, suitable 
as a college textbook. Akimovy is un- 
deniably a first-rate scientist; either 
of his books would be instructive 
and well received if translated. 
Although he again presents ap- 
proximately the same number of 
illustrations (371), the typography 
is considerably inferior to that of 
the advanced text. 
technical approach is excellent 


However, his 


Consideration is given gaseous cor 
rosion, as well as aqueous chemical 
and electrochemical Principal 
metal and alloy types are covered, 
and his discussion of stainless steel 
is one of the best I have yet seen 
in Russian literature his, how 
ever, still leaves much to be desired 
The inference remains that Russia 
lags well behind America in stain 


less steel technology. 


Molecular Physics 


By E. A. Srract 
Govt. Tech.-Theoret. Pub. (Moscow, 
Leningrad), 576 p. (1949) 


Of astonishing breadth of covet 
age, this text for advanced technical 
students contains 324 figures (no 
halftones) and strides through ele 
mentary physics, kinetics, me 
chanics, thermodynamics, atomic 
physics, crystallography, physics of 


also col 


gases, liquids and solids 
loid chemistry! The presentation 
is good, treating the various subjects 
as thoroughly as most English texts, 
and along conventional lines. 

In the concluding third section, 
Chapter V (28 p.), he dips into phase 
diagrams, certain constitutional fea 
tures of alloys, and a brief treat 
ment of “dislocations” and “holes” 
in solid lattices one of the few 
places that this important phase of 
solid-state physics has appeared 
in Russian books coming to this 
writer's attention. However, Strauf 
gives the Russian Joffe credit for 
the discovery of latticular “holes” 
in 1923, and the Russian Frenkel 
credit for their explanation. rhe 
researches of Joffé on this subject 
subsequent to 1922 are known to 
students of imperfection structure, 
but a question properly arises as to 
whether he “discovered” the phe 
nomenon, in view of Griffith’s work 
in 1920. A question also 
whether Frenkel 
scientist first “explained” them, 

(Continued on p. 102) 


arises 


certainly a great 





Perforated basket, illus- 
trating the strength and 
The original PSC carbu- light weight of PSC units. 
tizing box, now the most 
widely used in industry. 


An example of the many 
special-purpose boxes we 
design and fabricate. 


Retort and ring for gas 
carburizing furnace; all 
light gauge welded alloy. 


been guaranteeing P : 
7! it is ovr 
yrance 


hav 
atainers- 
ore ass 


For years ¥® 


A “PSC” designed-for- 
the-job fixture; this one 
eliminated three handlings. 


j 
Chimney type boxes for carburizing Light-weight boxes for easy han- Stack type baskets for small lots 
ting gears, furnished in any size. dling; yet will not warp. In any size. of different parts in gas furnaces. 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
OFFICES IN PRINCIPAL CITIES 
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Russian Metallurgy 


(Starts on p. 78) 

since Darwin in England in 1913 
and 1914 provided a theory for 
mosaic imperfection, and the dis- 
cussion is not yet closed today. 

Although Strauf discusses “dis- 
locations” (using an equivalent Rus 
sian word), his attention is brief, 
and he shows no knowledge of the 
world-wide investigation of the past 
two decades, specifically since G. I 
laylor’s fruitful work in 1934. He 


g Unit Hydro-Finish a “aindamatetien” cunmegh <f tene 


concept of Sme 
. kal a quarter-century back. This 
IS PORTABLE! SPEEDS POLISHING! indication of limited information is 
made more striking in Chapter VIII 
on colloids, gels, and macro-mole 
cules by his neglect of the colloidal 
and the micellar theories of his own 


; p ; countrymen, von Weimarn and 
other jobs, faces for plating Klvachko 


including re- | and holds toler- 
moval of rust, ancesto .0001”! 


| Removes scale, and 
Ideal for directional grind 
maintenance ing lines... 
and many prepares sur- 


Despite such hiatuses in contem 
porary phases of the discipline, the 


dirt,scale,etc, Liquid blast text represents an impressive effort 


Economically reduces costly and a splendid classical foundation. 

cleans | hand cleaning 
large ob- and finishing , , 
F dj Pas ‘ 
jects like oftmabde. dian, vig The Blacksmithing Business 

tanks, bridges, structural work be- | tools, etc. , By G. G. KAMENSHIKOVY 

fore painting. Six sizes, stationary or Models from =, Govt. Sei.-Tech. Pub. (Moscow), 


portable, from $170.00 2"¢d up =| $1295.00 and up . 312 p. (1948) 


Issued by the Ministry of Labor 


STOP DUST MIMO TT Ce | Beserees: this book probably ear 


ries more information to an Ameri- 
at the SOURCE! for SMALL WORK! ere ee 


: of the “Introductory Lesson” are as 
Pangborn indus- 


follows: 
trial type Unit Ideal for pro- = 
’ ‘ior t » Great Octo So 
Dust Collectors ducing smooth, Prior to the Great October S« 
t | lean surfaces on cialistic Revolution | capitalization 
rap dustat | Cle: aces 
source. Machine | pieces up to 60” 
wear is minimized, x 36” in size. 





is his , ezarist Russia had a feebly 
developed mechanical construction 
. industry. A great quantity of various 
housekeeping and Cleans metal 
— t parts, removes machines and tools was imported 
maintenance costs é 8, J >s 
reduced. Solves rust, scale, grime, 
many grinding and dirt, paint, etc., 
polishing nuisances in a few seconds 


from other countries The ezarist 
government presumed that Russian 
workers are unable to make com 


nd material Saves money all plicated machinery. In reality, the 
anc late a “we « ~ ‘ 


. ’ trouble did not lie in the Russian 
losses. Models fro ear ‘round. Models from up 
ss 5286 99 and “~ $315.00 ; workers, but in the fact that the 


ezarist regime itself never wanted 
Look to P born for the lotest / U 7 
‘0 Pangborn for the lotest developments in Blast Cleaning and Dust Contro! Equipment the development of a mechanical 


construction industry. After the 
MAIL 


October socialistic revolution, the 


COUPON Soviet government decided to con 
FOR DETAILS vert their backward agricultural 


country into a country of industry, 
into a country of the most advanced 
PANGBORN CORP., 1800 Pangborn Bivd., Hagerstown, Md. technics.” 


Gentlemen: Please send me more information on the equipment i The author then proceeds with 


Check for more 
information 
Blast Cleanin | . " 

Cabinets ’ | I've checked at the left | an outline of the 5-year plan for 
Blast Cleaning : producing 65,600 heavy trucks 
Machines 112,000 tractors, etc., in the period 
we Dust Company. 1946 to 1950. The first question in 

| 
enectons Address ‘ the listing at the close of the chap- 

Hydro-Finish ow 

Cabinets Cit ter is similarly What was the 

| Benes . : P 

(Continued on p. 10%) 
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Read how this Pangborn “LG” ROTOBLAST* Table 
Cuts CLEANING COSTS by $5556°° A YEAR 


ROFITABLE BLAST CLEANING! 
Priv: the story at the Anstice 

Co. in Rochester, N. Y. Their 
Pangborn “LG” ROTOBLAST Table 
shown above has cut labor costs by 
$2540.00 a year—even though ton- 
nage has increased! In 
abrasive costs have been cut by 
$3016.00 a year because ROTO- 
BLAST makes full use of long-lasting 
Malleabrasive grit (it can be used 
for up to 300 passes!) As Ken Proud, 
Foundry Manager sums it up: “We 
are more than satisfied with results!” 


addition, 


You'll be more than satisfied with 
——, 


g 
res aw 


i 4y) i } 
—— ; i 
Pangborn “LG” ROTOBLAST Ta- 
bles too because they're designed for 
fast, low-cost cleaning of intricate 
and fragile work. As shown above 
they clean completely because abra- 
sive is hurled at a 45 
work. And uniform 


angle to the 
cleaning is 


Look to Pangborn for the lotest developments 
in Blast Cleaning and Dust Contro! equipment. 


nqborn = CLEANS 


CHEAPER 


assured because auxiliary tables re- 
volve castings under blast stream. 


No matter what you clean, Pangborn 
has a standard ROTOBLAST Table 
designed for your job. Included in 
the standard line are Turn-Style 
Tables for bulky castings . . . and 
Table-Rooms for jobbing work. For 
full information on the right Pang- 
born ROTOBLAST Table for your 
job, write to: PANGBORN COR- 
PORATION, 1800 Pangborn Blvd., 
Hagerstown, Md. 


ROTOBLAST... 


SAVES LABOR with push- 


button operation 


SAVES SPACE becouse mo- 
chines are compact 


SAVES TIME by cleaning 
more loads per day 


SAVES POWER ‘ince nO 
compressor is needed 





SAVES TOOLS becouse oll 
scale is removed 


with the right equipment for every job 














savings of from 50% to 60% on fuel 


with 10-ton capacity melting pot 
shown above. 


hEMP 


OF BALTIMORE 


Kemp Gas-Fired Immer- 
sion Melting Pots Save 
up to 40% on Fuel Alone 


Here’s why you should replace 
conventional melting equipment 
with modern, efficient Kemp 
Immersion Pots. Actual reports 
show proof that Kemp Immersion 
Heating cuts fuel bills up to 40‘ 
and more. Now you can melt 
soft metals, lead, pewter, tin, or 
salt with maximum thermal effi- 
ciency and get double the rate of 
heat recovery. 

POSITIVE HEAT CONTROL 
Kemp Immersion Melting Pots 
have no brickwork to steal heat, 
no external combustion chamber, 
no carbon monoxide, no tem- 
perature overrun. You get high 
melting rates, reduced dross 
formation, speed of temperature 
recovery after adding cold ma- 
terials . . . PLUS an estimated 
fuel saving of up to 40°; 

FOOLPROOF OPERATION 
Each installation includes the 
Kemp Industrial Carburetor to 
assure complete combustion, 
lower installation cost. Tell us 
your heating or melting require- 
ments. We can help you make 
your unit more profitable. 


IMMERSION MELTING POTS 


Write for Bulletin for technical information. 
Address: C. M. KEMP MFG. CO. 
405 E. Oliver St., Baltimore 2, Md. 


CARBURETORS © BURNERS © FIRE CHECKS © ATMOSPHERE & INERT GAS GENERATORS 
ADSORPTIVE DRYERS © METAL MELTING UNITS ©SINGEING EQUIPMENT © SPECIAL EQUIPMENT 
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Russian Metallurgy 


(Starts on p. 78) 
attitude of our 
nical 


Country in a tech 
prior to the October 
revolution, and what did it become 
under Soviet authority?” 
After this ideological gr« 
Kamenshikov proceeds to 


sense 


uunding 
desc ribe 
the working of metals from a back 
yard blacksmithing operation on up 
to the handling of heavy steel-mill 
equipment. Of 270 illustrations, the 
first is a hand punch. Figure 103 
gives the head construction of the 
Pt-Pt/Rh thermocouple 
(for the best American steelmaking 
practice today!); and the 


advises the readet 


lmimersion 


closing 
as to the 
general demands made by this type 
of vocation, and the 


chapter 


qualifications 
he should possess if he wishes to 
enter the field of metalworking. 
This brief review should convey 
the proper impression: That Russia 
is taking 
steps in the channeling and utiliza 
tion of its potential technical pet 
sonnel 


some carefully considered 


steps which we could well 
heed. The book is poorly printed 
but well conceived the introduc 
tory sales talk on the Soviet not 
withstanding. 


Strength of Materials 

By N. M. BeLyaey 
rech.-Theoret. Pub. 
Leningrad), 6th Ed., 772 p 


Govt. (Moscow, 


(1950) 


Apparently a 
Russian 


standard text in 
technical 
this book is similar to 


higher schools, 
some of ours 
and in conventional treat 
ment of the 


clastic 


in scope 
elastic, plastic, and 
behavior of solids The au 
thor died during World War II and 
the 6th edition represents a revision 
by various professors on the staffs 
of the Leningrad Institute of Rail 
road Transportation Engineers and 
the Leningrad Polytechnic Institute 
rhe presentation is precise and 
with a liberal use of 
characteristic of 


mathematical, 
diagrams; but, 
Russian publications, the paper is 


and half 
tone reproductions are restricted to 


inferior, the format naive, 


seven or eight unattractive figures 
renditions 
refer to the 


same Russian name, one’s curiosity 


Because the English 
“Belvaev” and “Belaiew” 
is at first aroused as to whether the 
author listed here is a relative of 
the widely known Col. N. T. Bela 
iew. The name 
ibstracts lists 
Belyaev. 


index in Chemical 
both 
Colonel Belaiew apparently 
derived the spelling “-aiew” 

(Continued on p. 106 


Belaiew and 


because 





Scale-free heat treatment of small 
parts in Ferrotherm furnaces de 
pends on gas tight Inconel muffles 
A Ferrotherm furnace, equipped 
muffle, used for 
bright annealing and hardening of 


with Inconel 


stainless steels and air hardening 
tool steels 


INCONEL MUFFLES OUTLAST OTHERS 12 TO 1 


IN FERROTHERM CO. ATMOSPHERE FURNACES 


The Ferrotherm Company of Cleveland, Ohio, and Pitts- 
burgh, Pa., has developed and built a number of unique 
furnaces for the special treatment of metals. Among the 
processes carried out in these furnaces are 

—Bright hardening of hardenable stainless steels and air 
hardening tool steels. 

—Furnace brazing of stainless steel and other alloys. 

—Bright annealing of stainless steel, tool steel and other 
alloys. 

—Custom treatments, such as solution and precipitation 
of various alloys including ‘‘Duranickel®”’, ‘‘K’’* Monel, 
Beryllium Nickel, Beryllium Copper, as well as elec- 
trical and magnetic steels. 


The atmospheres used for these treatments are anhydrous 
dissociated ammonia, or pure, dry hydrogen. It is imperative 
to the success of these treatments that the purity and dryness 
of furnace atmospheres be maintained throughout the heat 
ing cycle. This means, of course, that furnace muffles must 
be dependably sound and tight at all times. 

Mr. John R. Gier, President of the Ferrotherm Company, 
has this to say about his concern’s experience with furnace 
muffles: 

The engineering requirements for a metal to be used in our 
furnace muffles are very severe. Chief among them are 
A) Good resistance to cr acking caused b the extrem 


the rmal variations 


i) NG fi SERVICE 


nherent in batch type operation 


B ) Good resistance to oxidation at temperatures up to 
2100° F 
C ) Good fabricating qualities; especially good welding 
characteristics because joints must be tight and gas- 
leak proof 
We tested a number of different materials for this application, 
and Inconel® proved to be the best of all. The fact that we have 
been using Inconel exclusively for our muffles for the last ten 
years is the strongest indication I can give of our satisfaction 
with Inconel on all counts 
In OnT 


peration 


round-the-clock, five-to-seven day a week type of 
we have come to expect our Inconel muffle 
minimum of twelve months service. The 


experience d with other metals tried wa 


Slo givea 
best service we have 
month.” 

Because current government demands draw so heavily on 
the available supply of nickel and its alloys, you may not be 
able to buy all the Inconel you need right now. However, 
we will continue to report interesting service stories and 
developments, in the hope that they will be of value to you 
in the future. 


abi ut one 


And, of course, you are always welcome to bring your 
high-temperature metal problems to INCO’s Technical 
Service Section. Write them, outlining your problem. They 
may be able to suggest a solution. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


IMCONEL ... {0 long life at high temperatures 
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| 300% to 400% (even 1000%) 
No | faster Research and 
| Production Control 


| analyses 


etl 


Exceptional speed of 
Jaco Spectographic 
equipment allows 
laboratory to keep 
pace with production 
or process speed 


Experience in chemical 
process plants . . . in metals industries 

. in research laboratories . . . proves 
that the complete Jaco Spectographic 
Laboratory does analyses in one day that 
would ordinarily require three or four days 
by other methods. You can actually make a 
complete quantitative analysis for six or seven 
constituents in less than fifteen minutes. Or, 
if results for a single sample are not needed 
so quickly, you can make several exposures 
on each photographic plate and cut analysis 
time per sample even more. 

But there’s more to the story than speed 
— Jaco Spectographic Equipment is as 
precise as it 1s fast. Overall accuracy of +3% 
of amount present is possible, and in low 
percentage problems as little as 0.0019¢ and 
even less of trace elements are easily de- 
termined quantitatively (0.00069 Boron in 
steel, for example). 

These are only a few of the many ad- 
vantages that are yours with Jaco Specto- 
graphic Equipment. Find out more by writing 
tor all the details today. 


JACO 


projection comparator 


MICROPHOTOMETER 


Designed especially by 
Jaco for your most exacting 
requirements. Measures 
Spectrum line _transmis- 
sions quickly and precisely 
(five of more lines a 
minute). 


JARRELL-ASH 


Company 
165 Newbury Street 
Boston 16, Mass. 


If it’s an optical instrument, think of Jarrell-Ash! 
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JACO 70-15 


Stigmatic Grating 


SPECTOGRAPH and 
VARISOURCE 
EXCITATION UNIT 


SPECTOGRAPH (left, 
above): The only stigmatic 
grating instrument commer- 
cially available! Fully auto- 
matic instrument for fast, 
precise analysis of ferrous 
alloys, minerals and for 
use in dozens of other spec- 
tochemical analytical prob- 
lems. Electrical controls are 
simplified, and grouped for 
maximum flexibility and con- 
venience. Toggle switch 
wavelength region shifting 

Electromagnetic shutter 
controlled from source : 
6” grating blank (15,000 
lines per inch) for high 
optical speed and superior 
resolution . plateholder 
accommodates two 4” x 10” 
plates for — single 
exposure spectral coverage 

New VARISOURCE EX- 
CITATION UNIT (right, 
above): All-in-one excitation 
source — includes DC arc, 
high-voltage AC arc and 
high-voltage tandem air-gap 
spark with oscilloscope con- 
trol. High reproducibility 
and precision 











Write today for Bulletin 


describing these 
instruments — 
address Dept. M 





Russian Metallurgy 


(Staris on p, 78) 
Continental pronunciation of this 
bisyllable is the equivalent of the 
Americanized “-yaev". Colonel Bela- 
iew, an expatriate in Paris since 
World War I, writes, “I am at a loss 
to say whether he is a relative or 
not, as people in Soviet Russia are 
not encouraged to correspond with 
those who live outside their domin- 
ion. This rule is particularly strict 
in the case of people who have left 
Russia.” 

In the two concluding chapters, 
Belyaev touches on metallurgy for 
the first time in his book. Chaptet 
36 describes transverse fissures in 
rails and axles, but gives no refer- 
ence to the “flake” or to theories of 
flaking, whose discussion has occu 
pied world-wide metallurgical at 
tention since early in World War I, 
and particularly since the identifi- 
cation of the role of hydrogen by 
German investigators in 1935. His 
closing Chapter 37 similarly dates 
his metallurgical training because 
of a few simple sketches of slip 
bands and a dismal discussion of 
theories for the strength of metals 
entirely involved in the decades-old 
argument over normal stress versus 
shear stress as the determining fac- 
tor for failure. None of the past 30 
years’ contributions on the nature 
of the solid state illuminates any 
part of the book. Perhaps this is 
not essential for a conventional text- 
book on strength of materials; but 
any progressive-minded author 
would certainly want to expose his 
readers at least to the germinal 
aspects of modern thought in such 
highly pertinent theoretical fields. 


Pavlov’s Works 


First published in 1924, and now 
in its 3rd edition, is a book by the 
“grand old man” of the Russian 
blast-furnace industry. M. A. Pavlov 

holder of a name perhaps even 
more famous in other branches of 
science writes about “The Metal- 
lurgy of Pig fron” from a_ back 
ground of more than half a century. 

In this first volume on “Raw 
Materials” he restricts his attention 
to blast furnace design and opera- 
tion, a discussion of raw materials, 
and a comprehensive account of 
the industry in Russia, Germany, 
England, Sweden, and the United 
States. His references run more 
than a hundred, drawn copiously 
from the literature of the various 
countries. 

(Continued on p. 108) 
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Russian Metallurgy 


yin 


(Starts on p. 78) 
Important to note is that the 
common translation of the Russian 


*m are pattern 


choo-goon (phonetic) in this coun 


very facility of 


“ney. 


try has often been “cast iron”, 


good stead in these 


whereas this is in error. rhe 


ime-saving cutting equip- 


Russian metallurgist groups all of 


ing us in 


the high-carbon irons under the on« 
name,* and Pavlov’s attention i 
here specifically on the blast fu 
nace. Cast iron finds only brief 
mention as a subordinate range of 


eded stainless steel plates to 
ial ti 


Cl 


Stainless Steels Exclusively 


300 Marshalton Road, Thorndale, Pa. 


PLATES « FORGINGS « BILLETS + BARS « SHEETS (Ne. | Finish) 


Warehouse distribetors in principal cities 


pig-iron compositions. The point 


y...and many of the 


is made because notices on Pavlov's 


CARLSON, wc. 


ically ne 


it 


book have been seen under the title 


ing crit 


“Metallurgy of Cast Iron”, which is 


*s of material scarcity. F 


entirely in error. Also, in the way 


ind our spe 


time 


of translation difficulties, it is sur 


the Carlson organization is being extended 


out patterns for the best use of material, 
to meet the present emerg: 


ment are stand 


« 


prising to find the Russian phonetic 
translation of our “cementation” 
referring to “electroplating” not 
carburizing. This has led to nu- 


andards of qual 


merous misinterpretations to be 
found in the literature and in tech 
nical Russian-English dictionaries. 


Pavlov’s second volume on “The 
Blast Furnace Process” is in its 6th 
edition, printed under government 
auspices, rather than the Academy 
of Sciences, and is intended for ad- 


O. Carlson, Inc. is supply 


vanced metallurgical students. An 
idea of the thoroughness of the text 
will be gained from the fact that 
Chapter 2, on physico-chemical 


a. 
cut to specifications like the segment illustrated. Our experience in la 


chemical industry st 


( 


processes of reduction of iron ore, 
covers nearly 300 pages and alone 
has a bibliography of 179 refer 
ences. The rest of the book with 
similar thoroughness treats gas 
analyses, coke balance, charge cal- 
culations, and so on. 


TOO 


As has been remarked above, 
M. A. Pavlov is Russia’s “grand old 
man” in metallurgy, having more 


PLATES 


COME IN SgwiIdd 


than half a century of experience 
with the blast furnace and _ sixty- 
some years of general ferrous met- 
allurgy behind the writing of his 
“Reminiscences of a Metallurgist”, 
Govt. Sci.-Tech. Pub. (Moscow), 292 
p. (1945). Both the background of 
the man and the conversational 
stvle of the book remind one of 
Sauveur’s “Metallurgical Reminis- 
cences” (1938) or of Brearley’s 
“Talks on Steelmaking” (1946). 
Because Pavlov is truly only 


= 
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G. 0. CARLSON, Inc. 


reminiscing here, the text is not in- 
structive metallurgically except in 
(Continued on p. 110) 


*According to Oushakov’s “Ex- 
planatory Dictionary of the Russian 
Language” probably the most au 
thoritative publication on the Russian 
language choo-goon is “. . iron, 
containing certain proportions of car 
bon, derived from the smelting of iron 
ores in the blast furnace and being 
more brittle and less forgeable than 
steel” that is to say, pig iron. 


STAINLESS STEEL 
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29% chromium air hardening die 
steel . . . high strength 
high wear resistance . 
good machinability. 


general 


specially 
jaa}s 
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These Die Steels for Cold Work are designed to cover 


every performance requirement, and for adaptability to Van ad iu mi - Al ! re) Ss 
available heat treating facilities. Each grade is carefully Y 
annealed and fully inspected by magnaflux, reflectoscope STEEL COMPANY 

and deep etching to insure First Quality selection. Our LATROBE, PA. 


Representative in your area will gladly assist you with 
COLONIAL STEEL DIVISION © ANCHOR DRAWN STEEL CO. 
your needs. 
Write for your free copy of our 
detoiled metallurgical brochure on 
"Die Steels for Cold Work." 














T0 
MAKE 
YOUR PRODUCT 


DURABLE 


coating 
lemicals 


PAINT BONDING 


“GRANODINE’® forms a zinc-iron 
phosphate-coating bond on sheet metal 
products—automobile bodies and fenders, 
refrigerator cabinets, etc.—for a durable, 
lustrous paint finish. 

“LITHOFORM”® makes paint stick to 
galvanized iron and other zinc and cad- 
mium surfaces. 

“ALODINE”,® the new ACP protective 
coating chemical for aluminum, anchors 
the paint finish and protects the metal. 


RUST PROOFING 


“PERMADINE”,® a zinc phosphate coat- 
ing chemical, forms on steel an oil-adsorp- 
tive coating which bonds rust-inhibiting 
oils such as “Granoleum.” 
“THERMOIL-GRANODINE”® a manga- 
nese-iron phosphate coating chemical, 
forms on steel a dense crystalline coating 
which, when oiled or painted, inhibits 
corrosion. 


PROTECTION FOR 
FRICTION SURFACES 
The oiled “THERMOIL-GRANODINE” 


coating on pistons, piston rings, cranks, 
camshafts and other rubbing parts, allows 
safe break-in operation, eliminates metal- 
to-metal contact, maintains lubrication and 
reduces the danger of scuffing, scoring, 
galling, welding and tearing. 


IMPROVED DRAWING 
AND COLD FORMING 


“GRANODRAW’® forms on_ pickled 
surfaces a tightly-bound adherent, zinc- 
iron phosphate coating which facilitates 
the cold mechanical deformation of steel, 
improves drawing, and lengthens die life. 


Send for descriptive folders and Government 
Specifications chart on the above chemicals. 
Write or call for more information on these 
products, and advice on your own metal-work- 
ing problem. 


Pioneering Research and Development Since 1914 


AMERICAN CHEMICAL PAINT COMPANY 


AMBLER, PA. 
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Russian Metallurgy 


(Starts on p. 78) 

a historical sense. His visit to 
America a half-century ago to study 
blast furnace practice is described 
in an entertaining way certain to 
give nostalgic pleasure to any old- 
timer who remembers names such 
as Edgar Cook, Harry Hughes Camp 
bell, John Fritz, Frank Roberts, 
Andrew Carnegie; also the early 
days at Lackawanna, Scranton, 
Steelton, Bethlehem, Duquesne 
Works, Edgar Thompson Works, 
the Andover Furnace at Phillips- 
burg, and the world-renowned blast 
furnaces “Lucy”, “Elisa”, and “Isa- 
bella”, whose names particularly 
tickled Pavlov. 

Those were the days when Euro 
pean furnaces scarcely exceeded 
100-ton capacity; in America the 
Edgar Thompson Works was build- 
ing its first 400-tonners. Pavlov 
goes into special detail on his en- 
counter with the great secrecy blan- 
keting all operations here. Much 
of the occult side was disclosed to 
him on one occasion, and he was 
even shown the “Lucy”; but a 
pledge was then exacted to keep the 
information to himself. 

Those were also the days, as 
Pavlov notes, when the American 
Plan in New York hotels cost $4 per 
day, and in lesser cities only $2.50! 


The Heat Treatment of Steel 
By I. E. Kontorovicit 
Govt. Sci-Tech. Pub. (Moscow), 
452 p. (1945) 


An outstanding text in technical 
content, though typographically 
pathetic, this is the Russian equiva- 
lent of American books by Sauveur, 
or Bullens. The coverage is method- 
ical, comprehensive, and of at least 
the technical depth of the American 
books, giving a good coverage even 
of ternary alloy steels and their 
complex constitutional diagrams, 
as well as a thorough elementary 
story of thermal effects in general. 

For the iron-carbon diagram, 
the American standard is_ repro- 
duced from October 1943 Metal 
Progress, as is a chart of heat treat- 
ing microstructures from the March 
1935 issue. There is a tip-in folder 
of the A.S.T.M. grain-size chart, and 
a tip-in of an S-curve by Davenport 
and Bain measures two feet in height 
when opened! 

While this book proves that ca- 
pable metallurgical instruction is 
available in Russia, it contains little 
if any information not to be found 

(Continued on p. 112) 





CONTINUOUS STRIP 
ANNEALING 


pant in DRED. Ei R 
VERTICAL FURNACES 


Saves Time -Reduces Cost 


Drever Company has pioneered this striking 
improvement in Continuous Annealing Furnaces 
for Tin Plate Strip, Silicon Strip, Blue Plate and 
other strip products. We predict all major steel 
mills will anneal by this method. Why don't 
you do it now? 

Equipment can be specified for output up to 
30 tons per hour of 30” wide x .010" thick low 
carbon steel. Several sizes are available, in 
any width. 

Furnace illustrated produces Tin Plate and 
Blue Plate. The shift-over from the Bright Sur- 
face required for Tin Plate to the uniformly 
applied, accurately controlled tight oxide coating 
required for blue plate is rapidly and easily made. 


Installations backed by staff of Engineers and 
Metallurgists of sixteen years experience in 
Continuous Annealing of Low Carbon Strip. 


DESIGN 


R CO. 
st 


PHILADELPHIA 34, PENNA. 
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Are Versatile..... 
and Dependable 


@ These Hevi Duty Box Furnaces at the 
A. O. Smith Corp. of Milwaukee, Wisconsin 
are used for hardening production tools that 
vary in weight from a few ounces to several 
hundred pounds. Hevi Duty Furnaces provide 
the uniform temperatures needed for pre- 
cision heat treating. 


Send for bulletins HD-341 and HD-441 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEV1eBUTY ELECTRIC EXCLUSIVELY 
ORY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
_ MILWAUKEE 1, WISCONSIN 
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Russian Metallurgy 


(Starts on p. 78) 
in extra-Russian literature. The 
great proportion of the bibliog 
raphy is extra-Russian, representing 
a rather competent survey of inter 
national literature, 

On the other hand, many of the 
Russian authors exhibit an annoying 
habit ‘not restricted to Russians! 
of publishing material without des 
ignating its prior publications, \ 
case in point is Kontorovich’s Fig 
363, particularly irking to the pres 
ent reviewer because it is taken 
from his own work! The personal 
affront probably prompts this clos 
ing remark that Kontorovich’s dis 
cussion of flakes in steel is one of 
the most antiquated portions of his 
book. This, however, is almost cet 
tainly due to the fact that Russia 
was cut off from the occidental 
technical press during the 1940 
1945 wartime period when the prin- 
cipal advances in “flakology” were 
being made. 


Ferrous Alloys 
Vol. 1; lron-Chromium-Aluminum Alloys 
By E. E. Konntioy 
Acad. Sci. U.S.S.R. (Moscow, 
Leningrad), 192 p. (1945) 


With 210 references and 154 fig 
ures, including a surprising numbet 
of halftones, this book is one of 
Russia’s best contributions to phys- 
ical metallurgy, and a compilation 
on heat resisting alloys which would 
be a welcome sight in the English 
literature. 

While it is often difficult, as re 
marked immediately above, to dis 
tinguish between original Russian 
work and unacknowledged rescripts 
from extra-RKussian sources, cer- 
tainly much of the material in this 
book cannot be found elsewhere. 
rhe photomicrographs and the pho 
tographs must be original, and sev- 
eral areas in his treatment extend 
clearly beyond anything to be 
found in either German or English 
texts. Jiinecke, for example, in the 
1949 edition of his “Handbuch aller 
Legierungen” devotes ten lines to 
the Fe-Cr-Al system, cites one ref 
erence, and closes with the state 
ment that “a constitutional diagram 
for the alloy system is not known”. 
Houdremont also gives but litth 
attention to this system in the 1943 
edition of his encyclopedic “Hand 
buch der Sonderstahlikunde”; al- 
though Hessenbruch’s 1940 “Metalle 
und Legierungen fiir hohe Tem 

(Continued on p. 114%) 





SKILL 


helps make 
fine steels 
at JESSOP 











There is a tradition of fine steelmaking at Jessop 
that acts as an incentive for greater skill to the 
men on the production team. Every millman, 
every melter .. . every single man in the Jessop 
Works takes pride in the fact that the name of 
Jessop has stood for the best in special steels for 
nearly two centuries. He is determined it shall 
continue to lead for many years to come. You 
can buy with confidence the custom-made steels 


made by Jessop men 


HIGH SPEED STEELS - HIGH SPEED BITS - PRECISION 

GROUND FLAT STOCK - HIGH SPEED AND ALLOY SAW 

STEELS - HOT WORK DIE STEELS - COLD WORK DIE 

STEELS - CARBON AND ALLOY STEELS - STAINLESS AND 

HEAT RESISTING STEELS - VALVE STEELS - STAINLESS 

CLAD STEELS - CAST-TO-SHAPE STEELS - COMPOSITE 
TOOL STEELS - ARMOR PLATE 


JESSOP 


STEEL COMPANY - WASHINGTON, PENNSYLVANIA 








WEAT RESISTANT CASTING 


HEAT & CORROSION RESISTANT CASTINGS 


ae PREFERRED 





by INDUSTRY 





Behind the identity of an ACCOLOY trademark 
are years of engineering and research. The 

improved design of castings, the finer grain size, 
the close control of pouring and the multiple 
testing of the finished job are all points of superiority 
that so many manufacturers demand and get 


when they use ACCOLOY castings. 


These ACCOLOY castings, job-proven on the 
production line, can produce more work of higher 


quality with fewer breakdowns and still give more 





net profit per dollar of capital investment. 


Call your nearest ACCOLOY Engineer for an honest 


analysis of your High Temperature problems. 





Producers of Belts | Chains Retorts Vuffles Salt Pots Roller Rails 


Carburizing Boxes Trays and Fixtures 


ALLOY ENGINEERING AND CASTING COMPANY 
illoy Casting Co. (Division) 
Champaign, Illinois 
EN INEERIN 
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Lead 


copper | B&A 
Cadmium 


Iron FLUOBORATE PLATING 
SOLUTIONS GIVE YOU 


These bg ADVANTAGES 


Nickel 





B&A Fluoborate solutions offer an unusual © 
combination of advantages for increased efficiency, 
including: 


standout performance of BSA Metal Fluoborates 


in lead, tin, iron, copper, cadmium and nickel plating 


No mixing or dissolving necessary . . . supplied 
in concentrated solution form. 


is enabling platers to increase production while ef- 


fecting real savings in critical metals. 


Easier bath preparation 
addition, BSA Fluoborates provide a host of impor- Stability of bath composition 
tant advantages not available in other plating agents. 
In alloy plating, for example, they offer the only fast Ease of control 
efficient way to plate lead-tin and lead-tin-copper 
alloys—simultaneously — with the ratios easily con- Practically 100% anede and cathode efficiencies 
trolled. Jn cadmium plating, outstanding results are 
obtained without the hydrogen embrittlement com 
mon to other methods. /n lead and tin piating, they 
produce coatings of excellent solderability—particu 
larly after aging. 


advantages and more are offered by 
B&A Metal Fluoborates. Learn more about them 


without delay. For operating data, experimental or 


o0o9g 0000090 8 


AND MANY MORE— 

commercial quantities—or for free technical con- 4 

sultation—write or phone the nearest BSA office In addition to these general operating advantages. 
each fluoborate bath has a number of special 


advantages for its particular applicétions. 


listed below. 


REAGENTS 


BAKER & ADAMSON xc Genicale 
GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
cee -—-—-<—= —=- §£@@ RECTOR STREET, NEW yYor« é, N 


or 
PuRity 


° A 1° Bs <* ° B y * B 
c y © Cleve 1° ©¢ Denvwe Lx 
® Kala 2 ing ‘ °° M f . 
° ft 2. Te . I 


© Bridges 
. 


In W »: Gene r il Milw 
In Canada: The Nichols Chemical Company, Limited * Mo mreal® . TT wonto® * Vancouver* 
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Guaranteed Results from Russian Metallurgy 
FURNACES - OVENS - DRYERS (Starts on p. 78) 


peraturen” carries two pages of dis 
cussion with a schematic diagram 
showing the two Fe-Al and Fe-Cr 


in dats OVER-ALL JOB by binary diagrams, with an indicated 


ternary section for 0° C. America’s 


1950 edition of “Metals at High 
Temperatures” by F. H. Clark gives 
little or nothing on the system, nor 
does the 1948 “Metals Handbook” 


of A.S.M. 

By way of marked contrast, the 
entire 192 pages of Kornilov’s text 
deal with this system. Binary and 
for military production... ternary diagrams are profuse, and 
the latter are often outstanding. An 
Whatever your heat process prob- excellent solid model for the Fe-Cr- 
lems in plant conversion for military Al system is photographed from 


production CONTINENTAL has the three sides, and other three-dimen 
ae ‘ sional studies display characteris- 
p ; ‘ ; tics of constitution, resistivity, im- 
CONTINENTAL jobs begin with pact strength, density, and other 
analysis of the requirements, then properties. Oxidation data are 
the selection and development of voluminous, and a section even 
proper methods for greatest results. deals with the effects of further 
7: . . P itio of carbon and titanium. 
Fin ollow. i” idditions 
pat = iL oe the a. The latter element, incidentally, 
ing, ar installation of t eequipmen showed the important effect of 
including necessary work-handling eliminating transcrystallinity a 
accessories and control devices— markedly weakening characteristic 
delivering a COMPLETE UNITIZED of cast alloys of this sort. Those 
PRODUCING PACKAGE with results who wish to go further into this 
guaranteed. matter and cannot use the Russian 


. . - original may turn to the six-page 
The broad experience of ConTI- review under the title “Russians 


NENTAL Offers you a prompt, sure Have New Heat Resistant Alloys” in 
solution to your change-over pro- The Iron Age for March 22, 1951, 
gram. written by S. L. Case. Commercially 
useful alloys are found in the re- 
ConTINENTAL INDUSTRIAL ENGineeRs, INC, | Sion of 22° Cr, 5% Al (ductile 
176 W. Adams Street, Chicago 3, lilinois alloys heat resistant up to about 
2275" F.; 40% Cr, 8% Al, ductile 
District Representatives: when hot and heat resistant up to 
Ridgewood, N. J. * Indianapolis * St. Lovis * Detroit about 2450° F.; and 60% Cr, 10% Al 
Cincinnati * Milwaukee * Cleveland * Pittsburgh , 
castings (brittle hot or cold), heat 
resistant up to about 2725° F. 





Alloys of Magnesium With 
Aluminum and Zinc 
By V. 1. MiKAFVA 
Acad. Sci. (U.S.S.R.) (Moscow, 
Leningrad), 195 p. (1946) 


One of the few Russian texts 
printed on a good grade of paper, 
this monograph on the Al-Mg-Zn 
system would appear to be required 

PLANNED MILITARY PRODUCTION reading for anyone in this field. 

Write for Booklet No. 127 There are 82 figures principally 

) ’ constitutional diagrams and _ their 

sections in addition to 42 photo- 

a_i micrographs. Thirteen tables of ex- 

SPECIAL MACHINES perimental data cover 50 pages of 

PRODUCTION LINES COMPLETE PLANTS text. The bibliography contains 77 

references, including all work by 

German, English and American 
(Continued on p. 116) 
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SOBxx, 81Bxx and 
94Bxx Steels 


with maximum properties 


Maximum hardenability in very low alloy steels, 
with dependable uniformity of results, is assured by 
the addition of Grainal alloys. 


The use of Grainal alloys promotes maximum 
hardenability with minimum amount of boron. The 
possibility of obtaining undesirable effects resulting 
from over-treatment by boron is avoided by the 
action of other elements of Grainal alloys in 
combining with oxygen and nitrogen and permitting 
full utilization of the low boron content. 


More than a million and a half tons of steels made 
with Grainal have proved the superiority of these 
alloys in producing maximum hardenability. 
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MACHINING 18-8 
STAINLESS STEEL— 
METALLURGICAL 
CONSIDERATIONS 


Norman S. Mott 
Chief Chemist and Metallurgist 


Most of the headaches associated 
with the machining of stainless 
alloys can be cured with machining 
experience, but some of them are 
associated with metallurgical con- 
siderations. This applies both to 
the wrought and the cast materials 
Too often the underlying causes 
and the possibilities for their cor- 
rection are not well understood 
The purpose of this discussion is to 
review these causes, and to indicate 
the steps which may be taken to 
eliminate them 

The basic difficulties experienced 
in machining of stainless alloys are 

1. The metal is too hard The 

cutting tool cannot penetrate or 

too much tool pressure is required 

2. The metal is too tough It 

tears away instead of breaking 

up into chips 

3. Frictional or galling charac- 

teristics are excessive Chips 

adhere to the tool tip, resulting in 
the balling up of the cut metal 

4. Muicrostructural non-uniform- 

ity or segregation This causes 

hard spots and results in rough or 
uneven machined surfaces 

5. The metal work hardens 

[his results in a blunt tool an 

a polishing pro Nea than a cutting 

action. Let us review each of 

these difficulties in turn 

Hardnes 
less, such as to cause difficult ma 
chining, is not an inherent charac- 
teristic. It is usually found in the 
form of work hardening, either 
from cold rolling or from hot work 
ing to too low a temperature 
Alchough machining operations 
have been conducted up to as high 
as 350 Brinell, this requires a slow 
special technique and for practical 
purposes such hard metal should be 
soft annealed by water quenching 
from 1950-2100°F 

Toughness: Correctly heat treated 
18-8 stainless in the condition for 
maximum corrosion resistance is 
very tough and ductile. These are 


Hardness in 18-8 stain 
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desirable characteristics from a me- 
chanical viewpoint, but they are 
pretty tough on machinability 
Experience has shown that machin- 
ing difficulties can be minimized 
through the addition of an embrit 
tling agent such as selenium, sul- 
phur or phosphorus. And when 
properly controlled, maximum 
machinability with a minimum loss 
of corrosion resistance can be 
accomplished 

Galling: Galling tendencies, 
which are associated with softness 
and ductility,are also largely elim- 
inated by controlled additions of 
various alloying elements 

Hard Spots: Hard spots are caused 
by microstructural segregations 
such as carbides and other hard 
phases. The machining tool in 
passing over these areas does not 
cut properly and gives a raised and 
usually a glazed surface, producing 
a so-called “orange peel’ effect 
Correct quench annealing heat 
treatment is required in order to 
eliminate such a condition 
Another cause of hard spots may 
be burnt-in pieces of mol ling sand, 
a condition sometimes found in 
poor quality castings 

Work Hardening: Work harden- 
ing is a universal characteristic of 
the 18-8 stainless steels. Pressure 
by the machine tool tends to cold 
work the surface and make it hard 
To offset this, there are a number 
of machinists’ tricks which are 
somewhat beyond the scope of this 
Further data on the 
machining techniques can be found 
in J. J. Roberts’ paper, ‘‘Don't Fear 
Threading of Stainless’ 


discussion 
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Russian Metallurgy 


(Starts on p, 78) 
investigators listed in @ Metals 
Handbook and in Hanbuch aller 
Legierungen, as well as Japanese 
and Russian studies. As a result, 
the phase boundaries are impor 
tantly modified in a number of re 
spects from those now popularly 
deriving from Koster’s work in Ger- 
many, and reproduced in both hand- 
books just mentioned. 


Studies on the Machining of Metals 
By N. L. Reznikov 
Govt. Sci-Tech. Pub. (Moscow), 
DS7 p. (1947) 


Published under the auspices of 
the Soviet government as a part of 
a program for technical literature 
in the field 
ing, this text is of surprising pro- 


mechanical engineer- 


portions with its 587 pages, 350 
figures, numerous tabulations, and 
highly mathematical treatments 
(there being more than 600 num 
bered equations given). 

While this reviewer is not quali 
fied to judge a text dealing primarily 
with mechanical rather than metal 
lurgical aspects of machining, Rez- 
nikov’s book is obviously of high 
caliber and filled with information 
that would interest any American 


oe 


scientist in the field of machining 


nlike many of the Russian publi- 
cations which feast upon material 
in the international press, Rezni 
kov’s text begins at the other and 
also well-known extreme with a 
description of how the science of 
machining really first began with 
Professor Tima in Russia (!) about 
1868, and it then continues to de- 
rive its principal support from Rus- 
sian work. The majority of his 200 
references concerns citations from 
Russian literature. Se 





“Increased Production 
..Amproved Quality 


... says large tool company 


“Stepped up production and improved the quality of our products,” says a large 
tool company of this Westinghouse electrically heated, gas carburizing furnace. 
Steel parts...of a wide variety of shapes and sizes ...are carburized, 
quenched, washed, drawn and discharged. Operation is straight line and 
completely automatic. 

The result: Precise, uniform carburization of all parts, faster operation, and 
elimination of bottlenecks caused when trays must be manually removed. 

A Westinghouse gas-fired Endogas generator provides the proper, safe 
controlled atmosphere. In addition, all auxiliary equipment is also Westinghouse, 
including motors, controls and material handling equipment ...a@ complete 
“packaged” installation from a single source. 

Gas-fired or electric, there’s a Westinghouse furnace to meet every heat- 
treating need. Westinghouse Electric Corporation, Industrial Heating Works, 


Meadville, Pennsylvania. }-10369 


IF YOUR PRODUCT CALLS FOR 
HEAT-TREATING ...IT CALLS 

FOR A WESTINGHOUSE FURNACE... 
GAS OR ELECTRIC 


HEAT-TREATING FURNACES 


AUGUST 1951; PAGE 117 








METAL 


Bane KEEPS | the Diesels” CooL 
col = — 


The cooling of water 
and lubricating oil in 
Diesel-electric road and 
switching locomotives is a 
problem which, like death 
and taxes, is always with 
us. Barber-Colman Com- 
pany engineers have 
licked this problem with 
their Type AYM Self-Con- 
tained Control Motor for 
regulating radiator shut- 

ters to keep coolants within desired temperature range. 


The DC reversible motor turns at speeds of 1/3 r.p.m. 
to 6 r.p.m., dependent on torque requirements. The swing 
of arm attached to the shaft is controlled by limit switches. 
Thermo Bulb A, filled with liquid, is immersed in the coolant 
or oil. As the temperature increases, the liquid in the bulb 
expands, forcing movement of a plunger in Bellows B 
against a contact at C. The same movement of the plunger 
swings the pivoted Chace Thermostatic Bimetal element D 
against the left hand spring contact at E which determines 
direction of rotation of the motor. The prime function of the 
thermostatic bimetal, however, is to compensate for gain or 
loss of heat in the capillary and bellows caused by changing 
ambient temperatures. As the bimetal reacts to the changing 
temperatures, it makes the shutter action early or late, to 
suit conditions, 


Chace Thermostatic Bimetal No. 2400 is specified for 
this vital job, out of the 29 types available in strips, random 
coils or completely fabricated elements. Use our 64-page 
reference as a guide to thermostatic bimetal selection for 
your own temperature actuated devices but call in the 
Chace Application Engineers in the early stages of your 
design for complete information and counsel, 


W.M. CHACE CO. 
Thermostatic Bimetal 


1626 BEARD AVE., DETROIT 9, MICH. 
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Hard Metals 
by Impregnation* 


HE CONVENTIONAL method of 

preparing cemented carbides by 
mixing the carbide and the binder 
metal powder, compacting the mix- 
ture and sintering was patented by 
Schréter in 1923. A year before, 
Baumhauer had suggested that ce- 
mented carbides be produced by 
infiltrating carbide skeletons with 
liquid binder metal. This earlier 
suggestion was soon forgotten, be- 
cause Schréter’s method proved 
superior. The authors of this paper 
present a re-examination of the infil- 
tration method for making carbides. 

Two types of products were in- 
vestigated. The first type included 
those compositions which are con- 
ventionally used for cutting tools 
The second type consisted of pure 
titanium carbide, and titanium car- 
bide with additions of molybdenum 
carbide which were impregnated 
with nickel-chromium, cobalt-chro- 
mium and cobalt-chromium-molyb- 
denum alloys. These compositions 
are of interest because of their high 
strength and oxidation resistance at 
elevated temperatures. 

In the case of the carbide com- 
positions for cutting tools the infil- 
trated products could be compared 
directly with conventionally pro- 
duced cemented carbides of the 
following compositions 

94% WC 6% 

90% WC 10% ¢ 

4 15% ¢ 
6% C bal. W¢ 
8% C bal. WC 
» Tic 8% ¢ bal. WC 

The infiltrated products were 
prepared by pressing the carbide 
powder (a prealloyed carbide pow- 
der was used with the composition 
containing the titanium carbide) at 
pressures of 11,000, 28,000 or 56,000 
psi. into rectangular shapes approx- 
imately 2 in. x 1 in. x *% in. The 
compacts were presintered for 1 hr. 
at 950° F. and given a final sintering 
for 1% hr. at 1500° F. Both treat- 
ments took place in a high-frequency 
vacuum furnace. 

Pure cobalt or cobalt to which 
up to 40% tungsten carbide had 
been added were used as infiltrants. 
The reason for adding tungsten car- 
bide to the infiltrant cobalt was to 
avoid, as much as possible, an attack 
of the cobalt on the surface of the 
compact. This attack may produce 

(Continued on p. 120) 

* Abstract of “The Preparation of 
Cemented Carbides by Infiltration”, 
by R. Kieffer and F. Kélbl, Berg- und 
hiittenmdnnische Monatshefte, Vol. 95, 
March 1950, p. 49-58. 
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metal analyses 


in multiple copies 


Only ARL Production Control 
Quantometer* gives you direct 
reading, pen-and-ink records of 


quantitative spectrochemical analyses with extra copies, as desired. 


Would quick, accurate chemical analyses of metals or other inorganic materials, available in a matter of 
minutes in the form of multiple-copy graphic records, help solve your testing and production problems? 


If so, the Production Control Quantometer, pioneered and perfected by our engineering staff, deserves 
your most serious consideration. Unique in its field, this instrument is in daily use 
throughout the country, helping to speed production of critical materials, improving 
laboratory controls, and assisting scientific research 


Representing the most advanced type of spectrometer yet developed, and manu: 
factured by the world’s largest manufacturer of this kind of equipment, it is extremely 
efficient, versatile and applicable to a wide variety of needs. As many as 25 chemical 
elements as selected by the user can be measured on the Production Control Quantom- 
eter—up to 20 simultaneously. Individual units are not limited to a single type of analysis, 
but can be designed to meet the requirements of many major plant problems. Results are ‘ 
comparable to chemical analyses in accuracy. Write for this 
informational 
The complete ARL line also includes 1.5 and 2-meter 


brochure 
Spectrographs, Source Units and related accessories 


*Trademark 


Applied Research Laboratories 


Seaereeecuente at EQuIPMENT 
4336 SAN FERNANDO ROAD «© GLENDALE 4, CALIFORNIA 
NEW YORK © PITTSBURGH © DETROIT © CHICAGO @ LOS ANGELES 
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“ROCKWELL” 


...to be SURE 
Ta) 
Hardness Testing 


@ You know the value of testing. You know the precision 
of “ROCKWELL” Hardness Testers. But is your present 
machine exactly suited for today’s work? Or is it difficult 
to decide which model you need for new work in your plant 
or laboratory? To be sure, check the “ROCKWELL” line. 


“ROCKWELL” HARDNESS TESTERS 


For metals and alloys, hard or soft, flat, round, tubular, or 
odd shaped. Micrometric precision yet ruggedly built. 
Convenient controls. Four sizes. 


“ROCKWELL” Superficial HARDNESS TESTERS 


For shallow tests of razor blades, wire, tin plate, nitrided 
and lightly carburized steel. Accurate for years. Easy to 
operate. Variety of sizes. 


For microhardness or micro-indentation hardness testing. 
Automatic testing cycle. Indentation as shallow as .00005”. 
Three models. 


ACCESSORIES 


“‘Brale” diamond penetrator ¢ Test blocks for checking 
accuracy @ Equitron for positioning test samples ¢ Goose- 
neck Adapter for testing inner surfaces ¢ Work Supports 
for rods, tubes, odd shapes. 


Tell us your problem. Let us make recommendations. 


Be sure. Buy “ROCKWELL” Hardness Testers. 
*Trade Mark Registered 





' MECHANICAL INSTRUMENT DIVISION 
Uy. AMERICAN CHAIN & CABLE 


TRADE 


wax 230-F Park Avenue, New York 17, N. Y. 
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Hard Metals 
by Impregnation 


(Continued from p. 118) 

holes up to in. deep where the 
liquid metal first penetrates into the 
carbide skeleton. On the other hand, 
with too much carbide in the infil- 
trant, an excess was deposited on 
the surface of the compact. The 
infiltrant powder was also pressed 
into compacts and sintered in a 
high-frequency vacuum furnace be- 
tween 1150 and 1200° C, 

The carbide skeletons were infil- 
trated by placing suflicient infiltrant 
compacts (so that the final product 
would have the desired composition) 
upon the skeleton compacts, and 
heating them in a_ high-frequency 
furnace for 1% hr. at temperatures 
between 1380 and 1460° C., depend- 
ing upon the cobalt content. The 
infiltrated carbides showed porosity 
gradients from the side where the 
infiltrant entered the skeleton which 
was low in porosity, to the side 
away from the infiltrant which was 
higher in porosity. A high-temper- 
ature sintering treatment subsequent 
to infiltration improved the density 
distribution somewhat. 

The infiltrated carbides were 
compared with conventionally pre- 
pared carbides as to hardness and 
to wear resistance in an actual ma- 
chining test. The infiltrated carbides 
with 6° cobalt had a hardness 2 
points lower on the Rockwell A 
scale and wore approximately 3 
times as fast as conventionally pre- 
pared carbides. The material with 
15° cobalt had the same hardness 
as conventional material, but was 
not tested for wear. The steel cut- 
ting grade with 5% titanium carbide 
and 8% cobalt wore only about 50% 
faster when made by impregnation 
instead of conventional sintering. 
A possible advantage of the infil- 
trated carbides is their higher 
toughness which may be due to the 
absence of internal stresses. 

Three groups of experiments were 
made on infiltrated titanium -base 
carbide: 

1. Puretitanium carbide skeletons, 
sintered in vacuum at 1400° F., were 
infiltrated with an 80° nickel, 20% 
chromium alloy on both sides of 
the skeleton compact. The infiltrated 
compact contained 6.1% chromium, 
24.6 nickel, was practically pore 
free, very tough, and had a hardness 
of Rockwell A-83 to 85. 

2. Skeletons were made from 
previously alloyed mixtures of 
titanium carbide and molybdenum 
carbide with from 3 to 50° molyb- 

(Continued on p, 122) 











For its critical controlled-atmosphere heat treat- 
ing, RCA makes wide use of the inclined-hood 
furnace developed by C. I. Hayes, Inc., out of 
its experience as the oldest maker of electric 
atmosphere furnaces. Shown at left is an instal- 
lation at the Harrison, N. J., RCA plant. 


RADIO CORPORATION of AMERICA RECEIVES 
IMPORTANT BENEFITS FROM HAYES 
INCLINED-HOOD CONVEYOR FURNACES 


Used for bright annealing, grid firing, degassifying of radio and TV tube parts of stainless 
steel and nickel, Hayes furnaces at RCA are delivering both high volume and high quality. 
Components are treated in hydrogen atmosphere with tremendous savings due to humpback 
design. Furnace shown above consumes about 100 CFH of hydrogen, but without inclined- 
hood feature, would require over 1000 CFH. We consider RCA one of the finest examples 
of how a Hayes user can successfully maintain the highest standard of QUALITY in critical 
heat-treating operations, and at the same time enjoy outstanding ECONOMY. 
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CAST SPECIAL SHAPES QUICKLY. °. EASILY 


FIRECRETE 


(@olsicle)(-Me <-sinelaielai=t- 


Oma nnnuinnaeuueninaniit 


Check the job to be done and you will find a Firecrete* 
product that will do it well. For special refractory shapes 
or linings it’s simply mix and cast. The new shape or lin- 
ing air-hardens and is ready for service within 24 hours. 
Other advantages include—no drying shrinkage, negligi- 
ble firing shrinkage, high resistance to spalling. 

For use 


ore SUOOF— 3X FIRECRETE 


This new member of the Firecrete family effectively with- 
stands soaking temperatures up to a full 3000F. Provides 
savings through longer life and reduced shutdowns. 

For use 


oro” 2O00F — H-T FIRECRETE 


A high heat-duty refractory composed of an exceptionally 
heat-resistant base. Specially developed for service between 
2400F and 2800F. 

For use 


ope” 2400F — STANDARD FIRECRETE 


The most generally applicable type of Firecrete. Finely ground, 
permitting casting of shapes or linings as thin as 114". 
For use 


oro 2400F — L-W FIRECRETE 


A lightweight insulating refractory concrete with unusually 
low thermal conductivity, low heat storage capacity and high 
resistance to spalling. 

The above Firecrete materials can be used in combina- 
tion where varying temperature and service conditions are 
encountered. 

For patching and gunning, use 3X BLAZECRETE. For 
temperatures to 3000F. It has exceptional adherence quali- 
ties, can be flipped into place with a trowel without ram- 
ming or tamping. 

For further information, writetoJohns-Manville, aprszeee 
Box 290, New York 16, N. Y. ‘ 


vs 


*Reg. U. S. Pat. Of. 


Johns-Manville 


FIRECRETE 


‘‘The Standard in Castables’ 
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Hard Metals 
by impregnation 


(Continued from p. 120) 
denum carbide by sintering 2 hr. at 
1500° C. in hydrogen in a carbon- 
resistor furnace. These skeletons 
were infiltrated with the same pro- 
portion of an 80% nickel, 20% chro- 
mium alloy as the first group in a 
vacuum at temperatures between 
1550 and 1400°C. The hardness of 
the infiltrated carbides increased 
from 85 to 87 Rockwell A with in- 
creasing molybdenum carbide con- 
tent, but the toughness decreased. 

3. Skeletons of pure titanium 
carbide and of prealloyed carbide 
mixtures containing 3 and 5% mo- 
Ivbdenum carbide were infiltrated 
with up to 45% of an 80% cobalt, 
20% chromium alloy, a 66% cobalt, 
28% chromium, 6% molybdenum 
alloy, and a 65% cobalt, 28% chro- 
mium, 6% molybdenum, 1% carbon 
alloy. Carbides infiltrated with 
cobalt-base alloys were harder than 
the ones infiltrated with the chro- 
mium-nickel alloy, having a maxi- 
mum hardness of over 91 Rockwell 
A for a carbide containing 5% mo- 
lybdenum carbide in the skeleton 
and infiltrated with 30% of the co- 
balt-chromium-molybdenum-carbon 
alloy. In general, the toughness de- 
creased with increasing hardness. 

Only performance tests made of 
the infiltrated titanium-base alloys 
were qualitative oxidation tests at 
1100, 1200 and 1300° C., in which the 
thickness and the adherence of the 
oxide layer was observed. It was 
found that additions of more than 
5% molybdenum carbide to the 
skeleton mixture decrease the 
oxidation resistance appreciably. 
Titanium carbide infiltrated with a 
cobalt-base alloy stood up somewhat 
better than when infiltrated with 
80% nickel, 20% chromium. 

The investigators state that even 
the best infiltrated material was 
somewhat inferior in oxidation re- 
nickel, 20% 
chromium alloy which was used as 
a comparison material. The principal 
advantage of infiltrated titanium 
carbide-base carbides over conven- 
tionally prepared carbides is that 
the infiltration method permits the 
preparation of materials containing 
as much as 60 to 70% binder metal, 
while the pressing and sintering 
method does not produce a pore- 
free material if the binder metal 
content is above 25%. It is sug- 
gested that these heat and scale- 
resistant infiltrated hard metals may 
find use in turbine blades. 

F, V, LENEL 


sistance to an 80% 





The 28 in. tubes in this condenser for the distillation 
of hydrochloric acid are made from '4-in. diameter, 16- 
gage welded tubing of Hasvreccoy allov B. The end disks, 
which are *< in. thick by 7 in. in diameter, are also of 

the nickel-base alloy. 

r For complete information, write 
HASTELLOY for the 10-page booklet. 
—— “Hastettoy High-Strength. 

Nickel-Base, Corrosion- Resistant 
\llovs.” It contains data on the 
properties, available forms, and 
fabricating techniques for all three 


grades of Haste oy alloy. 


HAYNES 


TRADE-MARK y 








v 
“Hastelloy” and “Haynes” ore trade-marks of 
Union Carbide and Carbon Corporation. 


This HASTELLOY Alloy Condenser 


is still on the job 


in 1-10% Acid Solution 


This condenser, made of Haste toy alloy B, shows no 
signs of corrosion after two and one-half years in a vacuum 
still for the distillation of hydrochloric acid. Since it was 
installed, the unit has been in operation two to three days 
a week, eight hours a day, handling a dilute solution of the 
corrosive acid at temperatures up to the boiling point. 

Hastevvoy alloy B is one of the few commercially avail- 
able materials that can handle boiling hydrochloric acid — 
one of the most severely corrosive agents known to the 
chemical industry. Alloy B is available in all standard 
wrought forms and can be fabricated by most common 
methods. Two additional Haste voy allovs, designated as 
C and D, are also available for handling other highly cor- 
rosive chemicals, such as sulphuric acid and certain strong 


oxidizing agents, like ferric chloride and wet chlorine. 
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if your produc 
calls for 


FURNACE... 
gas or electric 


There’s a Westinghouse Furnace to provide the exact answer for every 
heat-treating application, gas or electric: 


® standard types for established techniques and practices 
© semi-standard types and auxiliaries 


© special furnaces engineered to your specifications and 
production system 
Consult Westinghouse first! See your nearby Westinghouse representa- 
tive, or write Westinghouse Electric Corporation, Industrial Heating 
Division, Meadville, Pennsylvania. J-10366 
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Effect of 
Air Temperature 
on Heat Time* 


é gprs air temperature is a prin- 
cipal determiner of heat time is 
the conclusion drawn from a study 
of charge to tap time of 200-ton 
furnaces making low-carbon heats 
(0.06 to 0.20% C) in four shops. 
Points for pitch heats, although 
somewhat faster than those for oil 
heats, fall within the same general 
band of variation. At an average 
air temperature of 2400°F., the 
charge to tap time lies within the 
range 6.5 to 8.75 hr., with the aver- 
age at about 7.6 hr.; for air temper- 
ature down to 2000° F., the increase 
in average heat time is about 0.75 
hr. per 100 degrees decrease in air 
temperature. 

The main sources of improved 
performance from higher flame tem- 
perature are either in the use of 
combustion oxygen or higher pre- 
heat of the combustion air. The 
improvement accompanying the use 
of combustion oxygen has been dis- 
cussed previously by J. S. Marsh 
(Transactions, American Institute 
of Mining and Metallurgical Engi- 
neers, Vol. 176, 1948, p. 78-91). The 
present paper is devoted to a de- 
scription of the means used for 
measuring air temperature and of 
the effect of air temperature on 
heat time. 

Air temperature is measured 
through a hole in the uptake wall 
on the pit side just above floor level, 
using a specially designed velocity 
couple. The general scheme con- 
sists of flowing the hot air at high 
velocity over the hot junction of the 
thermocouple by means of an aspi- 
rator. The thermocouple, protected 
from radiation by 5 nickel shields, 
is located 3 in. from the intake. 
This location is equivalent to a solid 
angle of 0.7% of the radiating area. 

Suitable gas velocity was estab- 
lished by operating at a series of 
gage vacua. Operation of the aspi- 
rator was standardized at a vacuum 
of 3 in., which results in air velocity 
equivalent to several hundred miles 
per hour. 

The absolute accuracy of the 
temperature measurement ts un- 
known because there is no primary 
standard of comparison for gas tem- 
perature. Readings obtained by the 

(Continued on p. 126) 

*Abstract of “Significance of Air 
Temperature in Open Hearth Opera- 
tion”, by John S. Marsh, a paper 
read before the General Meeting of 
American Iron and Steel Institute, 
New York, May 23-24, 1951. 





Streamline Your Furnace 
with the 


Don’t expect your Furnace to look like this. It won't. 
But, Loftus Heat Treating Furnaces and Furnace lines 
will streamline your heat treating operation and give far 
greater efficiency. You'll get faster production, better 
products, constant dependability — and fuel saving, in 
some instances more than 50%. That's what we mean by 
streamlining — and that’s why we say “Loftus Builds 'Em 
Better.” 


TOUSEN INEERING een 
a a: 5 iba teti INDUSTRIAL 


FURNACES 
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A background of many years of 

experience and “know-how” go 
into the production of Gordon Plati- 
num, Platinum-Rhodium Thermocou- 
ples. From this experience hos 
evolved the Gordon policy which 
calls for the utmost in quality and 
service, the utmost in value to clients. 
That is why Gordon platinum wire 
is carefully checked for thermocou- 
ple accuracy against ao master ther- 
mocouple...colibroted and certified 
by the National Bureau of Standards. 

The porcelain insulation and pro- 





tecting tubes which go into a com- 
plete thermocouple assembly ore of 
the finest quality obtainable. They 
are the best known means of pre- 
venting contamination of the ele- 
ments which result in folse e.m.f. values, 
Also, the Gordon G-142 head which goes 


2027 ADAPTOR SECONDARY TUBE 


into a complete thermocouple assembly is 
light in weight and permits eosy replace- 
ment of new elements into a protecting tube 
assembly. 

The Gordon Policy —highest quality 
and standards of material — plus Gordon 
craftsmanship at the lowest possible price. 
Write now for full information and price list. 

$< SERVICE: >: 
CLAUD S. GORDON CO. 
Manufacturers & Distributors 


Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls + Metallurgical Testing Machines 

15 + 3000 South Wallace St., Chicago 16, Ili 
Dept. 15 + 2035 Hamilton Ave., Clevel 14, Ohio 
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Effect of 
Air Temperature 


(Continued from p. 124) 
sodium -line-reversal method under 
actual openhearth uptake conditions 
measured by Keith Rumbel of 
the M.LT. Practice School, Lacka- 
wanna, New York, scattered about 
both sides of those taken simulta- 
neously with the velocity couple in a 
way that suggests that the velocity 
couple reads true gas temperature. 

Data have been collected on 
about 75 heats made in about 40 
furnaces in various shops. The 
average of the air temperatures 5 
min. after reversal from the end of 
the lime-boil to tap is used as a 
standard comparison. Air tempera- 
tures may be cooler or hotter by 
several hundred degrees than the 
checkers; this indicates the impor- 
tance of other parts of the regener- 
ative system such as the fantails, 
slag pockets and uptake walls. 

For a given furnace and fuel 
input, performance is governed prin- 
cipally by air leakage. Air temper- 
ature is more reliable than other 
conventional indications of infiltra- 
tion. Instances are cited of increased 
air temperature and faster heats 
following reslurrying slow furnaces 
with low air temperatures that 
passed routine infiltration inspec- 
tion. The short-term effect of ore 
or hot metal addition is to increase 
the air temperature by increasing 
the furnace pressure and thereby 
decreasing infiltration. 

In addition to air temperature, 
potential improvement in open- 
hearth performance depends upon 
better: (a) utilization of fuel, (b) 
refractories, and (c) furnace design. 

F. G. Norris 


Metallurgical Factors 
in Drill Collars* 


I SIZE AND ANALYSIS, gun tubes 
ire similar to drill collars and 
the “know-how” with respect to 
gun tubes can be with benefit trans- 
ferred to drill collars. As a rule, 
failures occur by progressive frac- 
ture near the last full thread at the 
shoulder. The pin usually fails; less 
commonly the crack starts in the 
box and travels to the outside. The 
steels used are the 4100, 3100, 8600, 
(Continued on p, 128 


*Abstract of “Metallurgical Fac- 
tors Affecting Drill Collar Perform- 
ance”, by R. J. Stoup, a paper 
presented before the Division of Pro- 
duction, American Petroleum Insti- 
tute, Amarillo, Tex., March 1951. 





Precise 
TEMPERATURE 
MEASUREMENT 


is one of the 

many applications of the 

TYPE B HIGH PRECISION 
POTENTIOMETER 


.+.@ general purpose potentiometer with 

a@ number of notable refinements, suiting 

it porticularly to thermocouple work. 

Distinctive features include: 

© Three ranges —0 to 16 millivolts, 0 to 
160 millivolts and O to 1.6 volts. 

© Three reading dials—effective scale 
length of approximately 175 feet for 
each range. 

© Subpanel switch and slidewire construc- 
tion for protection of contacts from dust 
and corrosive fumes. 

© Special provisions to minimize parasitic 
thermal emf's— including automatic com- 
pensation of slidewire thermals and 
gold contacts in galvanometer key. 

e Exceptional convenience in reading and 
adjustment. 

© Solid and substantial construction for 
mony yeors of trouble-free service. 

This standard laboratory potentiometer 

is also well suited for meter calibration, 

for checking portable potentiometers, and 

for other critical measurements of D.C. 

potentials requiring exceptionally high 

occuracy. 

Described in Bulletin 270 


SPOTLIGHT GALVANOMETER 
FOR SHOP AND LABORATORY WORK 
e Sturdy, short period 
© Sensitive (up to 1.5 uv per mm.) 
© Multiple-reflection optical system 
© 100-Millimeter scale 
© For null or deflection measurements 
Described in Bulletin 320 


RUBICON COMPANY 


Electrical Instrument Makers 
3758 Ridge Avenue * Philadelphia 32, Pa. 




















aS a begs rie 


ee advantage ~ 


The unique super refractory properties of Zircon and Zirconia 
have particular utility where resistance to extremely high 
temperatures or unusual fluxing conditions often make it desirable 
to use these materials, in minimum thickness, in combination 

with less expensive back-up material. 


Determination of the temperature ranges within which 
contact between these super-refractories and the back-up 
materials are practical, is of primary importance. 


REACTION OF ZIRCON 





TYPES OF REFRACTORIES AT ELEVATED TEMPERAT 





é Charted here 
is the reactivity 
in the temper- 
ature range 
from 2400°- 
3600°F 


Your request for more detailed information will receive 
the immediate attention of our New York Office. 


TAM 


PRODUCTS 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sales Office: 111] BROADWAY, NEW YORK CITY. - General Offices, Works, and Research Laboratories: NIAGARA FALLS, N.Y 
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*look How Rudolph’s Output Has Increased 
Since They Changed to the Right Cutting Flaid” 


THE BEST MACHINE and the 
finest operator cannot do the best 
work without the right cutting 
fluid. 


Stuart combines theory and 
practice to give you the right 
cutting fluid for the job. Here is 
an example: 


In a large gear department, cut- 
ting fluid tests were run on Glea- 
son Revacycles cutting 8620 gear 
stock, 179 Brinnel hardness. 


Scuart's 
= 


“xX” Oil 
Gears Per Tool 
Grind 3200 
Stock Removal 
to Recondition 


Cutters 0035” 


33c/gal. 35c/gal. 
There’s a story! More produc- 
tion because of less downtime. 
Longer cutter life because of 
fewer grinds and less stock re- 
moval per grind. A lower actual 
cost for the cutting fluid. 


You can get help like this from 
a Stuart Representative. Ask to 
have him call. 


Are you receiving Stuart’s Shop 
Notebook regularly? 


Write, wire or phone 


STUART SERVICE 

Offices im Principal Industrial Centers 
DA. Stuart pil °° 
2743 S. Troy St., Chicago 23, Illinois 
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Metallurgical Factors 
in Drill Collars 


(Continued from p. 126) 

8700 and 9800 series, with 4100 of 
proper carbon content the most 
common. Big-end-up, hot-top molds 
are to be preferred. Precautions 
during cooling to prevent flakes are 
necessary. The methods of working 
to shape are forging, rolling, or 
piercing and rolling. 

It is suggested that practices 
with relation to gun tubes indicate 
that forging has been overestimated 
from the quality standpoint, and 
that rolling into solid rounds fol- 
lowed by cold boring or piercing and 
rolling into a tube will produce a 
product of satisfactory properties. 

The requirements for mechan- 
ical properties are approximately 
110,000 psi. yield, 140,000 psi. tensile 
and 280 Brinell. These properties 
are required for thread strength. 
The location at which these proper- 
ties are desired is approximately 
1's in. below the surface. 

H-steels should be specified and 
inspection procedures should be 
established so that surface hard- 
ness can be related to hardness at 
Effective 
heat treatment by rapid cooling 
during the quench is essential to 
develop high mechanical proper- 
ties. A water quenching procedure 
using high agitation to produce uni- 
form cooling is described. While 
quenching the collar after boring is 
desirable, solid rounds can be satis- 
factorily treated prior to cold bor- 
ing. Distortion and cracking are 
minimized by quenching in the 
bored state. Satisfactory properties 
with relation to straightness are 
produced by stress relieving after 
mechanical straightening. 

The relation of Izod impact 
properties to repeated stresses is 
discussed and it is pointed out that 
endurance limit and impact strength 
are not related. It is stated that 
while the direct relation of impact 
properties and ability to withstand 
working stresses is doubtful, there 
may be some merit in its ability to 
indicate the success of the heat 
treatment applied. 

The author concludes that the 
requisite conditions are met in drill 
collar heat treating by hardening 
the collar to the correct depth by 
using proper quenching procedure 
and sufficient alloy in the steel. 
Good depth of hardening is_ ob- 
tained with less alloy if the drill 
collars are quenched in the bored 
or pierced condition and the water 


is well agitated. G. W. WHITNEY 


1's in. below surfaces. 








YOU'VE GOT 
TO BE SURE OF 
YOUR HARDNESS 
.. INSIST OR 


Price Each: $1.50, F.0.B. Detroit 


Your hardness tester is 
useful only when you 
are sure it is giving you 
accurate, dependable 
readings. You can rely 
on the accuracy of 
your hardness tester 
when you check it reg- 
ularly with CLARK 
standard test blocks. 
CLARK test blocks, 
in various hardness 
grades, provide a 
quick, sure and simple 
method of assuring ac- 
curate hardness tester 


reading. 


INSTRUMENT, INC. 


10200 FORD ROAD 
DEARBORN, MICHIGAN 





no more GAMBLING on 
yp tool ~ tool steel selection 


oa 


[Vs actual size; Selector is in 3 colors) 


Here's how it works: 
To use the Selector, all you need know is the 
characteristics that come with the job: type and 
condition of material to be worked, the number 
of pieces to be produced, the method of working, 
and the condition of the equipment to be used. 
FOUR STEPS—and you've got the right answer! 
1. Move arrow to major class covering appli- 
cation 
2. Select sub-group which best fits applica- 
tion 
3. Note major tool characteristics (under ar- 
row) and other characteristics in cut-outs 
for each grade in sub-group 
4. Select tool steel indicated 
That’s all there is to it! 





CRUCIBLE 


ROCKFORD * SAN FRANCISCO * SEATTLE * SPRINGFIELD, MASS. 





Here's an example: 

Application—Deep 
drawing die for steel 

Major Class — Metal 
Forming—Cold 

Sub-Group — Special 
Purpose 

Tool Characteristics — 
Wear Resistance 

Tool Steel—Airdi 150 

One turn of the dial 

does it! 


And you're sure you're 
righti! 


hundreds of tool steel 
received their CRUCIBLI 


Since the first announcement, 


users have TOOL STEEL St 
that this 


handy method of picking the right tool steel right 


Lectors. The comments received indicate 


from the start is going over big. 
“Handiest selector I’ve ever seen” 
“No more gambling on tool steel selection” 
“You're right, the applic ation should dictate 
the choice of the tool steel” ... and many, many more 


favorable comments. 


You'll want your CRUCIBLE STEEL SELECTOR. It 
uses the only logical method of tool steel selection 
And 


the answer you get with one turn of the Selector dial 


rool 
begin with the application to pick the right steel! 


will prove satisfactory in every case, for the CRUCIBLE 
TOOL STEEL SELECTOR covers 22 tool steels which fit 
98% of all Tool Steel applications. ALL the tool steels 
on the Selector are in Warehouse Stock . . . that means 
when you get the answer, you can get the steel . . . fast! 


Write for your Selector today! We want you to have 
it, because we know you've never seen anything that 
approaches your tool steel problems so simply and 
logically. Just fill out the coupon and mail. Act now! 
CRUCIBLE STEEL COMPANY OF 
Building, New York 17, N. Y. 


AMERICA, Chrysler 


f---------rrfrnrn nee 


ad 


Crucible Steel Company of America 
Dept. MP, Chrysler Building 
New York 17, N. Y. 


Gentlemen: 

Sure! | want my CRUCIBLE TOOL STEEL SELECTOR! 
Nome 

Company 

Street 


City 


TT 


first name in special purpose steels 


TOOL STEELS 


Kine sleelmaking 


Branch Offices and Worehouses: ATLANTA * BALTIMORE * BOSTON * BUFFALO * CHARLOTTE * CHICAGO + CINCINNATI * CLEVELAND * DENVER + DETROIT 
HOUSTON, TEXAS * INDIANAPOLIS * LOS ANGELES + MILWAUKEE * NEWARK * NEW HAVEN * NEW YORK * PHILADELPHIA * PITTSBURGH * PROVIDENCE 


* ST. LOUIS * SYRACUSE * TORONTO, ONT. 


* WASHINGTON, D. C 
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Thermo-COUPLES 


have the ACCURACY 
required at WINCHESTER 


WINCHESTER, a name long known for Firearms of 
quality, is accurately controlling the temperatures of 
their high temperature salt baths with the aid 








of our specially constructed Thermocouples. These 
Thermocouples, throughout their satisfactory 

long life, retain the necessary responsiveness and 
accuracy needed for this application. 


Designing Thermocouples for special and unusual 
requirements is our job. Consult us on any of your 


Thermocouple equipment needs, whether special 
or standard. 


Write for our Catalog H 


Thermo Electric (0. 


FAIR LAWN NEW JERSEY 





For Every Heat Treating Problem 
os aS Our Sewices: 


—— 
f a! K Electronic Induction Hard- 
(a'r, 


ening, Flame Hardening, 
Heat Treating, Bar Stock 
Treating and Straightening 
(mill lengths and sizes), 
Annealing, Stress Reliev- 
ing, Normalizing, Pack, 
Gas, or Liquid Carburizing, 
Nitriding, Speed Nitriding, 
Aerocasing, Chapmanizing 
Cyaniding, Dry Cyaniding, 
Sand Blasting, Tensile and 


Bend Tests. 
EVERY MODERN METHOD of STEEL IMPROVEMENT 


Lakeside is scientific heat treating, fame hardening and induction hardening 
headquarters for all your steel—trom rough forgings, castings and bar stock, to 
finish-machined precision parts—all sizes, shapes, quantities. Here is your 
area's largest, most modern steel treating plant. Call or write today! 


"lade Stel aati 


@& $5418 LAKESIDE AVE, CLEVELAND 14, O10 HENDERSON 1-9100 





METAL PROGRESS; PAGE 130 





Beta-Ray 
Thickness Gages* 


( YONTINUOUS gaging of strip in cold 

4 mills by contacting micrometers 
has been in use for a long time, but 
increases in mill speed have placed 
them in the class of hot mills, where 
noncontacting gages are necessary. 
The latter depend on X-rays (first 
applied in 1947 and now number- 
ing about 109 in service) and beta 
rays (experimentally used since 
1949). 

Both the X-ray and beta-ray 
gages use radiation energy directed 
toward one side of the strip. The 
source of energy is either an X-ray 
tube or one of a number of radio 
active isotopes (Sr® or Ru! is 
usual). Some of the radiant energy 
is absorbed by the strip, and the 
portion that passes through and im- 
pinges on a detector is a measure of 
the strip thickness. 

The pick-up unit contains a 
screen which fluoresces under the 
action of the X-rays. A sensitive 
photo-electric cell converts the flu 
orescent light to an electrical signal 
which is fed to a suitable amplifier 
circuit. The amplifier is housed in 
a cabinet which can, if desired, be 
a considerable distance away. The 
output of these circuits is registered 
by an indicator calibrated in terms 
of strip thickness 

All manufacturers of X-ray gages 
claim accuracies of 2 or better. 
Micrometer checks on all circuits 
have confirmed this claim. The 
value of high age accuracy 1s lim 
ited by the accuracy to which mill 
controls and strip shape can be 
controlled. 

Reduction of down-time (out- 
ages) usually needs attention more 
than accuracy. Outage seems to 
depend largely on the electronic 
talent available in the plant, the 
accessibility of the instrument loca 
tion, the spares available, and the 
preventive maintenance exercised. 

In Republic Steel Corp.’s 98-in. 
hot mill, off-gage rejections for 
five months preceding installation 
of X-ray thickness gage was 2.09 
in the succeeding five months it 
was 1.24%. Cold rolled strip off 
gage rejections were 1.91 prior to 
installation and 1.64% after. 

The beta-ray gage is similar to 
the X-ray gage in many respects, 
but has two important basic differ- 

(Continued on p. 132) 


*Extract from “Noncontacting 
Thickness Gages for Flat Rolled Steel 
Products”, by W. A. Black, paper 
read before American Iron and Steel 
Institute, May 1951. 





Drever selects 
GLOBAR Heating Elements 


for Controlled Atmosphere Sintering Furnace 


Many operating advantages are realized 
through use of GLOBAR silicon carbide 
heating elements in heavy duty heat 
treating furnaces. They provide a wide 


“ ork 


heating 


temperature range uniform 


chamber temperatures fast 


and accurate temperature control tor 


production work. Special atmospheres 


@ Conunuc 

with dissocia 

ia atmosphere, this f 
nace is used for sinter 
ing powder metal parts 
ut temperat ; , 
2300°F 
ments have a conn 


ad of 20 KW 


GLOBAR cle 


may be used. Dependable operation for 


extended service periods is assured 


The rod-type construction of GLOBAR 
heating elements permits more eth 


furnace designs. Installation of 


cient 
elements is simple and convenient 


Work chamber capacity is increased 


GLOBAR non-metallic heating elements 
are being used in an increasing number 
of high temperature heat treating fur 
nace applications. Obtain detailed infor 
mation on their installation and opera 
tion by writing Department X- 91, The 
Carborundum Company, GLOBAR Divi 


sion, Niagara Falls, New York 


GLOBAR Heating Elements 


spy CARBORUNDUM 


“Carborundum” and “Globar” are registered trademarks which indicate manufacture by The Carborundum Company 
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A simple method of 
controlling temper- 
otures in: 


© WELDING 

@ FLAME-CUTTING 

© TEMPERING 

© FORGING 

® CASTING 

© MOLDING 

@ DRAWING 

© STRAIGHTENING 

@ HEAT-TREATING 
IN GENERAL 


It's this simple: Select the 
Tempilstik® for the working 
temperoture you wont. Mork 
your workpiece with it. When 
the Tempilstik® mark melts, 
the specified temperature has 
been reached. 


gives up 
te 2000 
reodings 





Available in these temperatures (°F) 





ate 
113 | 263 | 400 950 | 1500 
125 | 275 | 450 | 1000 | 1550 
138 288 500 1050 1600 
150 300 550 1100 1650 
163 313 600 1150 1700 
'75 | 325 | 650 | 1200 | 1750 
338 | 700 | 1250 | 1800 
350 | 750 | 1300 | 1850 
363 | 800 | 1350 | 1900 
375 | 850 | 1400 | 1950 
388 | 900 | 1450 | 2000 


FREE —Tempil® “Basic Guide 


to Ferrous Metallurgy” 
— 16%” by 21” plastic-laminated wall 
chart in color. Send for sample pellets, 
stating temperature of interest to you. 


'GORDON:! 
>< SERVICE: >: 
CLAUD S. GORDON Co. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls » Metallurgical Testing Machines 
Dept. 15 + 3000 South Wallace St., Chicago 16, Ill. 
Dept. 15 + 2035 Hamilton Ave., Cleveland 14, Ohic 
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Beta-Ray 
Thickness Gages 


(Continued from p. 130) 

In the first place, the radi- 
ant energy is beta rays instead of 
X-rays and, secondly, its source is a 
radioactive isotope instead of an 
X-ray tube. It is an excellent exam- 
ple of the industrial application of 
the by-products of our atomic en 
ergy development. While the use 
of an isotope simplifies the circuit, 


ences, 


it also creates new problems re 
quiring special attention. Among 
these are the ever-present radiation, 
deterioration of the isotope, low 
penetration, and wide scatter of the 
beam. 

Circuits used include a beta-ray 
source, pick-up or ionization cham 
ber, an output amplifier, and an in- 
dicator reading deviations from 
nominal thickness. 

Before the instrument is put into 
service, a dial adjustment brings 
the indicator to zero for the desired 
strip thickness. Another dial se- 
lects the sensitivity required for 
the thickness and analysis being 
measured. These two settings are 
predetermined by calibration. A 
third dial is used to compensate for 





reduction in radioactivity of the 
source. This decay takes place in 
all radioactive materials at widely 
varying rates. Even though it may 
be slow, it is necessary to compen- 
sate for it. This is done by a dial 
in the standardizing circuit. 

In production, the operator 
merely sets the reference voltage 
and the sensitivity control dials 
to figures shown on the calibration 
curves. The instrument will then 
read deviation from the desired 
thickness. 

The range of the beta-ray gage 
is only a fraction of that of the 
X-ray gage. Its maximum is 0.050 
in. The reason for this is the low 
penetrating power of rays. The op 
erating gap is also small because 
the rays fan out in all directions 
from the source. 

Accuracy, however, has been 
maintained within 1 Outages in 
production use are negligible. 

Safety The principal precau- 
tion is to avoid getting any part of 
the body in the direct beam. The 
radioactive isotope is heavily en 
cased in a lead receptacle, except 
for a small opening through which 
the measuring rays pass. When the 
instrument is out of service, a lead 

(Continued on p. 134) 





CARBURITING 
eOxes 


SASKETS 


TO CUT YOUR 
CARBURIZING Goste 


You save three ways by using Stan- 


wood containers 


with Stanwood re- 


torts. They go together to give you 
1) containers and retorts that match 
each other perfectly in size and 


shape; (2) retorts and containers made 
and corrosion resistant materials; and 


economy of securing all of your 
source 


of the same heat 


the cost cutting 


needs from a single 
Write today for the cost-cutting Stanwood answer 
to your particular heat treating problems. 


Stanwood GCtpotalion 





4817 W. Cortland St. 


Chicago 39, Ill. 





od 
INTERNATIONAL HARVESTER Hit 
satisfies its “Organized Curiosity” with the aid of 
BALDWIN equipment 


Progressive management's recognition of the impor- 
tance of testing and research in keeping its products 
ahead is dramatically illustrated by International 
Harvester Company’s Manufacturing Research pro- 
gram. Established at a cost of $4,000,000 and recently 
expanded with an additional $1,000,000 investment, 
the Manufacturing Research Laboratories permit 
the scientific study of parts and materials with a 
minimum of time and effort. 

J.W. Armour, Manager, says, “Research is nothing 
but organized curiosity . . . and Manufacturing 
Research is nothing but an organized inquiry into 
the facts of our industrial life.” Baldwin Testing 
Equipment plays an important part in implementing 
the varied activities. 


Here's an example 


Baldwin-Sonntag SF-20-U 
Fatigue Machine, and (insert) test 
set-up to apply simulated service 
test to drive shaft. Final design 
withstood over 2,000,000 cycles 
before failure. 


Here is a specific example of how manufacturing 
research paid off in product improvement—and 
production savings. center of the weld metal. Next projected step called for an increase in 
The drive shaft illustrated above drives a working size of shaft—which would involve major design changes, increased 
mechanism. It consists of a flange or head plate machining and added material. The problem was then turned over to 
welded to a step-type shaft. Field failures occurred Manufacturing Research, 
when shafts twisted off at the key-way. A switch Loads were applied to various specimens, and stress concentrations 
to alloy steel, plus heat treatment to improve plotted. Test pieces are shown above. Final design withstood over 

physicals, eliminated this weakness 2,000,000 cycles. Problem solved without adding extra material, o 
but failures occurred at the altering other machine components. 


ALDWIN - LIMA -HAMILTON 


TESTING HEADQUARTERS 


EDDYSTONE DIVISION, BALDWIN-LIMA-HAMILTON CORP., PHILADELPHIA 42, PENNA. 


in Canada: Peacock Bros., Ltd., Montreal, Quebec 
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Heating Safety 


PROTECTS 





YOUR 
INVESTMENT 


The Alnor Pyrotac excess temperature 
cut-off offers you low-cost, automatic 
protection against damage due to 
excessive temperatures . .. safeguards 
your investment in heating equipment 
and materials in process. 

Simple in operation, the Pyrotac 
constantly indicates temperature of the 
heated equipment and sounds an 
alarm and/or shuts down heater cir- 
cuits at a safe temperature. It may also 
be used as the only control on a proc- 
ess that requires a shutdown upon 
reaching a final temperature. Auto- 
matic thermocouple break protection 
assures safety if thermocouple or ex- 
tension wires should break or burn out. 

Available in scale ranges from 
0°-600° F. to 0°-3000° F. and Centigrade 
equivalents. 

An Alnor quality instrument of 
laboratory precision and husky con- 
struction; yet the price is only .. . 


85 


Ask your Alnor Representative for com- 
plete details or write for bulletin that 
contains full description and wiring dia- 
grams thet show actual applications. 


—far lower than for ordinary 
instruments of this type. 


Illinois Testing Laboratories, Inc. 
Room 523, 420 N. La Salle St. « Chicago 10, illinois 


PRECISION INSTRUMENTS 


FOR EVERY INDUSTRY | 
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Beta-Ray 
Thickness Gages 


(Continued from p. 132) 
shutter is) automatically closed. 
Since beta rays tend to seatter into 
the surrounding area, it is desirable 
to attach shields to the gaging head. 
hey can be steel plates of a size 
and spacing that will make the 
beam inaccessible to even a finger. 
hese shields also guide the strip 
into the gap, thus adding a func- 
tional service. 

In order to acquire one of these 
instruments, the user must agree to 
abide by rules of the Atomic Energy 
Commission. The isotope itself does 
not become the property of the pur- 
chaser of the instrument. It remains 
the property of the instrument man- 
ufacturer who is responsible to the 
Atomic Energy Commission for the 
safe handling and disposition of all 
radioactive materials he acquires. 


Fluidized Solids Technique 
for the Reduction of 
Iron Ore* 


makes available data 


: pew paper 
series of 


from a experiments 
carried on a few years ago to deter 
mine whether the fluidizing tech 
nique offered a 
for direct reduction of iron oxides 


practical method 
to produce suitable melting stock. 

\ representative variety of iron 
oxides was studied and, in spite of 
limitations in the’ experi- 
equipment used, the data 
show that it is very difficult to ob- 
tain satisfactory 


some 


mental 


fluidizing of com- 
monly used iron oxide ores so that 
they may be 


satisfactorily reduced 


to metallic iron in a_ reasonable 
time. The study included treatment 
and concentration of the products 
obtained to determine whether the 
iron content could be increased to 
an acceptable level after reduction 
in the fluidization process. This ex- 
pedient did not 
either. 


prove practical 

Phe data in the paper are a val 
uable addition to information in the 
literature regarding the possible use 
of fluidization techniques, 
are quite useful in many other in- 
dustries, in the direct reduction of 
fine iron ores. 


which 


P. E. CAVANAGH 


* Abstract of “Direct Reduction of 
Iron Ore Using the Fluidized Solids 
Technique”, by M. Tenenbaum and C. 
M. Squarcy, presented before General 
Meeting of American Iron and Steel 
Institute, at New York, May 1951. 





Want to know 
more about 


ANALY SiS? 


Read this 
New 8-page 
ENGELHARD 
BULLETIN 
aed 


KK. is your 


gos onaalysis problem? 


| 


Look at these 
Data - Packed Pages 


YOU WILL FIND a wealth of ma- 
terial on a wide range of gas anal- 
ysis problems and their solutions 
in the new Engelhard 8-page illus- 
trated bulletin. It explains how 
Engelhard equipment provides 
complete, sensitive, accurate anal- 
yses by the proven thermal conduc- 
tivity method. The bulletin also 
contains a valuable thermal con- 
ductivity table that you will want 
to keep for handy reference. Write 
for your free copy today. Ask for 
Bulletin 800A. 

Please send me FREE copy of Bulletin 
800-A on Gas Analysis. 


CHARLES ENGELHARD, INC. 


850 PASSAIC 


AVENUE, EAST NEWARK WN 





Foundries need scrap—Keep it Moving! 


a aa :. a " 
. ae 
‘ 


; - :.* in’ 
~~ ACID FUMES” 


Where motors get ROUGH USE 
GRAY IRON can take it! 


Leading motor manufacturers use Gray [ron for the 


following important reasons 


@ Damping action that minimizes noise and vibration 
@ Rigidity which insures permanent shaft alignment 
@Extra protection against jarring blows and rough handling 


@ Resistance to rust and corrosion. 


Why not take a tip from leading manu- 
facturers and specify Gray lron where 
your product must stand up under 
rough usage? Whether it’s corrosion, 
Typical motor end plates cast of Gray tron 


abrasion, heat or vibration . . . Gray 


Iron can take it! 


Make It Better with Gray Iron ... Second largest industry in the metal-working field. 


GRAY IRON FOUNDERS’ SOCIETY, ING. | 


NATIONAL CITY-E. 6th BLDG, CLEVELAND 1/4, OHIO | 


j 
4 
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45,000 metal industry buyers . . . talking, thinking, seeking 
production-boosting ideas and methods, machines and processes, 
and the latest technical developments, are a ripe and eager-to- 
buy audience for your best sales effort. That's the market that'll 
be ready to spend time with you and your staff at the National 
Metal Exposition . . . the biggest and finest metal Show in 
history. If you haven't nailed down your exhibition space, get 
it done today—because your competitors are doing it. Your 
share of the major sales started and closed at these great Shows 
is waiting .. . better wire or phone today for the space you'll 


need to get those big sales started! Write, wire or phone .. . 


NATIONAL METAL EXPOSITION 
©/o American Society for Metals 
7301 Euclid Avenue, Cleveland 3, Ohio 
Telephone: UTah 1-0200 





NATIONAL 
METAL 


WORLD 
CONGRESS METALLURGICAL 


CONGRESS 


Oct. 15-19 + Detroit, Michigan 
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HEAT TREATING SHELLS 
BY THIS METHOD... 





“D> 


ae oy 


atest 





WALKING BEAM TYPE 
SHELL HEAT TREATMENT 
EQUIPMENT 











ROTARY TYPE 


SHELL HEAT TREATMENT 





EQUIPMENT 








——— 4 


You get a faster, surer quench with 


proven HOUGHTO-QUENCH OIL 


Selecting the proper quench is a criti- 
cal step in making shells. Whatever 


type of steel is used — whichever 
quenching equipment is adopted — 
the right quenching oil has a lot to do 
with getting top results. Performance 
of Houghto-Quench on millions of 
shells in World War II proved this. 


Shell manufacturers —and other heat 
treaters— are now finding modern, 
fortified Houghto- Quench again the 


HOUGHTO-QUENCH 
- @ product of 


fastest, surest quench. This stable oil 
was developed only for quenching. It 
absorbs heat faster. It maintains uni- 
form quenching speed regardless of 
bath temperature. It enables you to 
meet the high physicals required. 


To obtain maximum hardness — even 
with today’s low alloy steels — use 
Houghto-Quench in your plant. For 
prompt information and prices write E. 


F. Houghton & Co., Philadelphia 33, Pa 


Ready to give you 
on-the-job service ... 
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®) CRANE GEARS 
and TRACK WHEELS 
have Greater 
Internal Stress Value 


. 
For Comparative Purposes 
We tabulate below the physical properties of the surface and core values of SAE-1020, SAE-2315, Steels, Carburized or Case 
Hardened with ‘ “Neloy” and “‘Neloy-Moly”’ Steels Normalized or Liquid Quenc hed, Finish Mac hined and Flame Hardened 
S.A.E. 1020 Case-Hardened (Surface) eeese 260 /300,000 180/195,000 5 | 10 | 514-601 70 
S.A.E. 1020 Case-Hardened (Core) é6oeve 60/ 70,000 30/ 35,000 30-35 50 } 120-140 17 
Neloy Annealed and Flame-Hardened | 
Treatment 10B (Surface) nieniane 218/270,000 190/240,000 
Neloy Annealed and Flame-Hardened 
Treatment 10B (Core) evee 85/ 90,000 55/ 65,000 
S.A.E. 1020 Case-Hardened (Surface) - 260 /300,000 180/195,000 
S.A.E. 1020 Case-Hardened (Core) . | 60/ 70,000 30/ 35,000 


| 477-601 66 
Neloy Heat Treatments No. 3 and 10B | 


163-170 
514-601 70 
120-140 


555-601 73 
207-241 32 
578-653 75 
248-277 37 


(Surface) 220/270,000 200/240,000 
Neloy Heat Treatments No. 3 and 10B (Core).} 100/110,000 80/ 90,000 
S.A.E. 2315 Case-Hardened (Surface) 290/329,000 185/205,000 
S.A.E. 2315 Case-Hardened (Core)....... 112/129,000 99/120,000 
Neloy-Molybdenum, Normalized, 

Drawn and Flame-Hardened (Surface). .....| 258/281,000 212/247,000 
Neloy-Molybdenum, Normalized, 

Drawn and Flame-Hardened (Core) 90/110,000* 65/ 85,000* 
S.A.E. 2315 Case Hardened (Surface)... ' 290 /329,000 186/205,000 
S.A.E. 2315 Case-Hardened (Core)... ‘ 112/129,000 99/120,000 
Neloy-Molybdenum Heat Treatments 

3A and 10B Flame-Hardened (Surface)... . 282/318,000 217/265,000 6-10 | §55-627 73 
Neloy-Molybdenum Heat Treatments | 

3A and 10B Flame-Hardened (Core) oe 132 VJ 120/135,000 10-18 25-35 } 285-3 42 


514-555 70 
187-223 28 


578-653 75 
248-277 37 


*The vi variation in tensile and yield ic in the third table is due to the alloyed elements of 2 315 ‘which isa nickel pare This produces a hi 
physical on a straight annealed steel compared with more economical alloy used in Neloy-Moly. 


_ NATIONAL ERIE CORPORATION . 


ERIE, PENNSYLVANIA © U.S.A. 
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HEAT RESISTING 
Is MISCO fe Rurors 


IN ROLLED MILL FORMS 


Sheets Plates —_ Rounds @ Thiate Metter iith Mace Angles. 
Channels LJ Sections” ey PipeO Nuts © Welding Rod oxi Sn 


MISCO B (25Cr-12Ni) 





Muffle—used as 
Batch Furnace Liner 


Good Metal Vsed 
In A Good Design Goes A Long Way 


WE CARRY IN WAREHOUSE STOCKS —Rolled Mill Forms of: 





MISCO METAL MISCO K 
35 Ni-—15 Cr—1% Si. A.1.S.1. Type 330 25 Cr—20Ni....... A.L5S.1. Type 310 


MISCO B MISCO 430 
25 Cr—12 Ni....... A.LS.1. Type 309 OF GF ccovcecoeces A.L.S.1. Type 430 


ROLLED PRODUCTS DIVISION 
Michigan Steel Casting Company 
One of the World's Pioneer Producers and Distributors of Heat and Corrosion Resisting Alloys 


1998 GUOIN STREET + DETROIT 7, MICHIGAN 
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The AcME Type B-10 


Semi-Automatic .. . 
IS A VERSATILE PRODUCTION MACHINE 


This machine gives very efficient produc- 
tion as One Operator normally operates two 
or more units, one at each end of the lathe, 
loading and unloading one machine while 
the other has work in contact with the 
wheel. 





Tan single spindle machine is 


used with the conventional lathe for 
A Type B-10 Equipped with finishing such cylindrical parts as 


A-2 head handling parts up . ; »nSi i 
to 12° diameter Vacuum cooking utensils, plumbing goods, 


chucking available electrical fixtures and appliances, re- 


flectors, hub caps, automotive acces- 
Equipped with Acme patented 1ec > 2 
Cea e Chuck hick ‘ken, © SOFies, and numerous other parts. 
rectangular or other out-of oh -. _— i ; 
round work in constant uniform Toggle slide, vertical and cross 
ev acacicmaebannass slide adjustments permit quick set ups 
I'wo buffs finishing sides and when changing from one job to 
top in One Operation i P 
another. Additional accessory equip- 
2 - ‘ > 3 i< ‘ y é 
~ Geared chuck for polishing Ment can be furnished for finishing an 
C cr buting taucet bodies. Pro: unusual variety of out-of-round parts 
duction up to 240 pieces per Ry P 
hour, one man handling two ma as well as cylindrical work. 


chines 





CATALOGS ON REQUEST 


Oy: ACM E Manufacturing Lo. 
- Fildon €. 9 MILE RO., DETROIT 20 (Ferndale) MICH. 


he “Ae A a QUFFING MACHINES FOR WEARLY HALF & CENTURY 
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THE QUALITY NAMES IN ALLOY 
FOR HEAT CORROSION ABRASION 


Surprising logic and foresight has planned 
new defense industries in Phoenix and Tu 
scon. With more work in such luscious-loafing 
spots, payrolls will bring people young enough 
to have children and start our 


filling up 
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they w 
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Peter Black 


wood came up the harder and far sn 


as many are alleged to have done 


larter way 


yt) GENERAL 
m) ALLOYS 
= COMPANY 


QOTSTEPs 
2 


gy 


*GENERAL AWS? 


BOSTON, MASS. 


“Oldest and Largest 
exclusive manufacturers 
of heat and corrosion 
resistant castings” 





ay 
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Do you have an 
ammonia problem ? 


—— 


With increased use of nitriding on aircraft 

parts and other D. O.’s, maybe you have an 

ammonia problem to add to your others 
Ir could be that your installation is not 
adequate for your increased hourly require- 
ments. Or maybe your present flow control 
equipment, valves or gauges are not adaptable 
for use with ammonia. Perhaps you would 
like to know how to get all of the ammonia 
out of the cylinders. Or it could be so simple 
as instructing employees on the precautions 
to observe when handling ammonia. Any one 
of these things could be a problem 

Why not let your nearby Armour Technical 

Service man help you. His experience with 
these and other similar problems may easily 
provide the answer to yours. Write and tell 
us about your problem and also send for one 
or both of the booklets offered in the coupon. 

m4 

en, Hou can depend. iy 

6 Wh CH mmondg ai Srvjizg 


Kn Anmours A 
: ' £. 


Armour and Company, 1355 W. 31st St., Chicago 9, Ill. 

Please send me a copy of 

() Ammonia Installations for Metal Treating 

() The Nitriding Process 
Name 
Company 
iddre 
City 


Zone 


State 


CRETE EHH HEHEHE HEHEHE HEHE EEE EEE EEE 
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BUZZER. Gas BURNERS 
For Many Industrial Gas Uses 


NO BLOWER or POWER NECESSARY 
+++ just connect to gas supply 


—— 


Pipe Burners 


Ring Burners 


Designed to solve numerous Industrial Gas ap- 
plications, “BUZZER” Burners are unexcelled for 
Efficiency, Economy, Simplicity and Flexibility. 
Large variety of models available. 


Send for the “BUZZER” Catalog showing complete line of 
industrial Ges Burners, Furnaces and other equipment. 





CHARLES A. HONES, inc. 


123 So. Grand Ave. Baldwin, L.I., N.Y 








ERNST 


HARDNESS TESTER 
ACCURATE... 


to+1 pt. ROCKWELL! 
to+ 5 pts. BRINELL! 


NOW! At-the-job, direct readings of all metal types, sizes and 
shapes. Quick and simple . . . just press handgrips, read dicl. 
Unskilled labor can test assembly line work. No conversion 
scales, no calculations! Ideal for parts, finished products regord- 
less of how large or small. Rockwell "A", "B", "C” scale. 
Low and medium Brinell scales. Both standard and superficial 
readings in one instrument! 


WRITE NOW FOR BULLETIN ET210 


EXCLUSIVE DISTRIBUTORS FOR U.S.A. 
NEWAGE INTERNATIONAL, 


235 EAST 42nd STREET, NEW YORK 


INC. 


17, N.Y. 











The excellent quality of the heat-treated 
alloy steel used in the main shaft of an 
AJAX High Speed Forging Press insures 


high fatigue resistance. 


Another example of the care exercised by 
AJAX engineers in specifying the finest 
materials obtainable to insure dependable 
performance and fine, quality products at 
low cost. 


Write for Bulletin 75B 


“Ajax 





MANUFACTURING COMPANY 


EUCLID BRANCH P.O. CLEVELAND 17, OHIO 


1105 DEARBORN ST DEWART BUILDING 
CHICAGO 3, ILLINOIS NEW LONDON, CONN 


LEPEL offers a Hew 


Unit illustrated brazing 
carbide tips to cutting 
tools. Shanks up to 114” 
square can be satisfac- 
torily brazed. 





ioe Lee ie tem DOES ALL 


THESE JOBS 
Faster, Better 
and Cheaper 
BRAZING, SOLDERING 
HARDENING, ANNEALING 
DRAWING AND 
MELTING 


e ECONOMICAL 
eo} 44:7 Wale), | 


e FULLY GUARANTEED 


e LOW COST 


$870° 


WILL HEAT TO 1500 F 





SEB 


55th ST. and 37th AVE., Woodside, New York City 77, N.Y. 
Write For Lepel Catalog MP-8 
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CARBURIZE 
CLEAN HARDEN 


AVERAGE 
CAPACITY 


1800 


POUNDS 








UN-LOAD 


THE AGF MODEL NO. 4 ROTARY RETORT CARBURIZER is 
the latest and largest type. Widely preferred for uniformly 
clean and non-deformed results. 

Made by the PIONEER builders of gas fur- 


\CA 
ATTN nace equipment. Write for Bulletin No. 1212. 


oi, 
< “> o 
2 0 o/American Gas Furnace Co 
PNact 2 LAFAYETTE STREET. £ 4N 


ZABETH 


se) me il-Mal-lilelilire 
of all materials 


ENGINEERED 
AND BUILT 


ae 
vat, 4) ASHWORTH BROS., INC. 


CATALOG 47P METAL PRODUCTS DIV. > WORCESTER, MASS. 


: . Byuilalo + Chattanooga + Chicago * Cleveland * Detrow 
Sales Engineers located in | °, Angeles * New York * Philodelphia * Pittsburgh * Seattle 


Canadian Rep., PECKOVER’S LTD. . Toronto . Montreal . Halifax . Winnipeg . Vancouver 








— 
\ 


ALLOGRAPHIC EXHIBIT 


YC 


Rules are simple and few; there are no restrictions 
as to size or methods of mounting, except for entries 
from overseas. As in the five previous exhibits 
the enties will be displayed to good advantage. 


RULES FOR ENTRANTS 


Work which has appeared in previous metallographic exhibits 
held by the American Society for Metals is unacceptable. 
Photographic prints shall be mounted on stiff cardboard, each 
on a separate mount, each carrying a label giving: 
Name of metallographer 
CLASSIFICATION OF MICROS Classification of entry 
Material, etchant, magnification 
Any special information as desired 


Cast irons and cast steels Transparencies or other items to be viewed by transmitted 
light must be mounted on light-tight boxes wired for plugging into 
Toolsteels (except carbides) lighting circuit, and built so they can be fixed to the wall. 


Exhibits must be delivered between Sept. 20 and Oct. 10, 
1951, either by prepaid express, registered parcel post, or first- 
class letter mail. 


Irons and alloy steels (ex- 
cluding stainless) in wrought 
condition 
Address: Metallographic Exhibit 

Stainless and heat resisting National Metal Congress and Exposition 
steels and alloys State Fair Grounds 

% Woodward & State Fair Ave., Detroit, Mich. 
Light metals and alloys 


AWARDS AND OTHER INFORMATION 
Heavy nonferrous metals and 


alloys A committee of judges will be appointed by the Metal Con- 
gress management which will award a First Prize (a medal and 
Powder metals (and car- blue ribbon) to the best in each classification. Honorable Men- 
bides) and compacts tions will also be awarded (with appropriate medals) to other 
photographs which, in the opinion of the judges, closely approach 
Weld structures (including the winner in excellence. 


brazed and similar joints) A Grand Prize, in the form of an engrossed certificate, and a 


money award of $100 will be awarded the exhibitor whose work 
is adjudged best in the show, and his exhibit shall become the 
property of the American Society for Metals for preservation and 
display in the Society’s headquarters. 


Series of micros showing 
transitions or changes during 
processing 


Surface phenomena All other exhibits will be returned to owners by prepaid 
express or registered parcel post during the week of Oct. 22, 1951. 
Macrographs of metallurgical 


Entrants living outside the U.S.A. will do well to send their 
objects (2 to 10 diam.) 


micrographs by first-class letter mail endorsed “May be opened 
for customs inspection before delivery to addressee”. To meet 
regulations of the international mails, size of mount must be no 
larger than 14 x 18 in. 


Results by non-optical or un- 
conventional techniques 


WORLD METALLURGICAL CONGRESS 


33rd NATIONAL METAL CONGRESS AND EXPOSITION 
DETROIT, MICH. OCTOBER 15 TO 19, 1951 
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gw Accurate 7 


AT A GLANCE WITH THE SIMPLIFIED 
PYRO OPTICAL PYROMETER 











Any operator can quickly determine vempera- 
tures on minute spots, fast-moving objects and 
smallest streams. Completely self-contained. 


No calibration charts or accessories needed. 


General Superintendent 
An accurate, direct reading Pyrometer that 


pays for itself by helping prevent spoilage. for 
Weighs 3 lbs. Available in 5 temperature 
ranges (1400° F. to 7500°F.). Ask for free 


‘ og No. ; = 
i ay Ro sumrace Ferro- Alloy Plant 
Improved PYROMETER Must be thoroughly experienced, particularly 


handles all surface and sub-surface temperature in the production of ferro-silicon and ferro- 
measuring jobs. Has selection of 8 types of A 2 
thermocouples; all interchangeable in seconds chrome. Excellent opportunity for a good 
with no recalibration or adjustment. reliable man. Please give complete record of 


experience and qualifications. 





Automatic cold end 
compensator. Shock, 
moisture and dust- 
proof. Accurate, big 


Answer to 


Norris B. McFarlane 


434” indicator. Avail- 4 H Assistant to the President 
able in 5 temperature 


ranges. i 4 PITTSBURGH METALLURGICAL 


ASK FOR FREE 


CATALOG No. 165 e —_ CO., INC. 


The Pyrometer Instrument Company Box 636. Confidential 
New Plant and Laboratory | BERGENFIELD 8, NEW JERSEY NIAGARA FALLS, NEW YORK 


Manufacturers of Pyre Optical, Radiation, Immersion 
and Surface Pyrometers for over 25 vears 




















SEMEN, 


ELECTRIC MELTING 
FURNACE 


. as ever, the dependable furnace for the 
production of high-grade stainless, alloy 
and rimming steels. 


Rhee A NR 


oi oN, Ne 


eae 


Removable roof of new design now avail- 
able for the larger furnaces. 





AMERICAN BRIDGE COMPANY 
General Offices: Frick Building, Pittsburgh, Pa. 
Contracting Offices in New York, Philadelphia, Chicago, 


San Francisco ond other principal cities 
United States Steel Export Company, New York 


AMERICAN BRIDGE 


| a ee ee wee ee 2 2.8 Se 
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Columbia 


piete) Bey Gaik 


DIE 
STEELS — 


Columbia SUPERDIE, 


ATMODIE, OILDIE and 
EXL-DIE are again more 


i m 
readily available fro 


warehouse stocks. 


CARL-MAYER HIGH TEMPERATURE FUR- 
NACE, recirculating air heater type, for tem- — 

peratures up to 1200°F. as installed for , 
Timken Roller Bearing Company. @ We also ’ ~ “7 = 
build Conveyor and Batch Type Furnaces : 2 
to 2000°F., for heat treating, normalizing, draw- { 

ing, etc., using gas, oil and other fuels. @ Our 

many outstanding achievements make it well 
worth your while to consult Carl-Mayer Engi- 
neers on your next installation. 


* COLUMBIA TOOL STEEL COMPANY 
3030 Euclid Avenue, CLEVELAND, OHIO. 








Constant uniform temperature! 


Uniformity and constancy of furnace temperature is a fac- 
tor of first importance in all tensile, fatigue, creep and 
rupture tests of metals made at high temperature. The use 
of Marshall tubular furnaces assures this uniformity and 
constancy! 

This is due to the fact that the heating element coils of 
Marshall furnaces are spaced and anchored with engi- 
neering nicety. Also to zone-by-zone adjustment of tem- 
peratures by means of shunts attached to taps along the 
outside of the furnace. Marshall Furnaces and Control 
Panels can be furnished in types suitable to your needs. 
Also radial brackets in stationary and 


compensating types. Write for litera- 
ture. 


MARSHALL 


PRODUCTS COMPANY 


270 W. Lone Avenue 


COLUMBUS, OHIO 
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Shell Forgings 75 mm, 90 mm, 105 mm and other sizes Gas Cylinders Compressed gas cylinders or tan 


are scale-free hardened, uniformly, avu- continuously normalized and annealed— 
tomatically and continuously, in these and other EF gas fired scale-free, inside and ouvt—in this and other EF gas fire 
installations furnaces 


Typical @ Furnace 
Installations 


We have the drawings 

and have already built these 

and many other defense production furnaces. 

Years of experience and complete manufacturing facilities 

enable us to give dependable service on furnaces for treating jet or 
propeller type engine parts; tank, automotive or aircraft parts; armor plate; 
metal powder products, ammunition components and other defense products. 


— THE ELECTRIC FURNACE CO. . SALEM, OHIO 


GAS, OIL OR ELECTRIC FURNACES, FOR ANY PRODUCT, PROCESS OR PRODUCTION 


y 
: -— “ ~ 
i Propeller blades are uniformly heated A battery of EF gas fired radiant tube con- 
Aircraft Parts and quenched in this EF continuous fur- Shell Cases tinuous special atmosphere, clean annealing 
nace. Types available for other propeller and jet type engine and stress relieving furnaces. Other types available for steel 
and aircraft parts 


; ; Machine gun cartridge clips, links and Heavy castings, plate, weldments and othe 
Cartridge Clips other products are scale-free hardened Tank Armor products are heat treated in these EF fur 
—continuously in EF belt furnaces. Capacities, 175 to 2000 neces Gantry cranes simplify loading, unloading and 
Ibs. per hr Quenching 








NO SMOKE...NO FUMES 


in Hot Forging with... 
“dag” Colloidal Graphite 


“Dag” colloidal graphite dispersed in water eliminates smoke and fumes 
in hot forging operations . . . greatly improves working conditions. The 
lubricating properties of colloidal graphite are superior, too, giving increased 
production ... reduced die wear ... better finish .. . and usually a saving in 
steel stock, 

The uses of “dag” colloidal graphite for hot forging operations are fully 
explained in a specially prepared article entitled “Forging Die Lubrication”. 
Copies are available without obligation. Write today to Acheson Colloids 
Corporation, Port Huron, Michigan, for Bulletin #+750-10H. 
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Acheson (folloids (forporation 


Port Huron, Mich. 
... alse Acheson Colloids Limited, Londen, England 





